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1. Scope and Objectives

This document contains methodologies for engineering analysis, energy simulation and model
calibration for buildings participating in NYSERDA's Multifamily Programs. All contractors
working on NYSERDA Multifamily programs must use this guidance to evaluate energy
reduction measures and to calculate the projected savings and cost effectiveness of
recommendations included in the Program’s tools and calculators required for submission
(Program Submission Documents). This document may be shared with the developer or

property owner if requested.

This document is a resource for Providers, the Program Implementer, and NYSERDA to ensure
that:

e Savings projections are realistic

e The number of model revisions is minimized because more guidance is provided from the
beginning

e Productivity is improved because Providers do not need to individually research the
assumptions for various modeled parameters or develop external calculations

e Consistent simulation methodology is used from provider to provider and building to
building based on peer-reviewed protocols

e The best energy simulation and model calibration practices are followed

e Modeling assumptions are within reasonable ranges

This document will be periodically updated to cover additional topics. The sources for new

material will include information from Multifamily Technical Topics (Tech Tips).



2. General Approach

Savings from energy reduction measures shall be estimated using the Whole Building Calibrated
Simulation Approach, as described in ASHRAE Guideline 14." This approach involves modeling
the existing building (creating a pre-retrofit simulation) with an approved whole building
simulation software tool. The parameters for the pre- retrofit simulation are adjusted so that the
projected annual energy consumption of each fuel is within the allowable margin from the

annual utility bills, as described in the Model Calibration section of this document.

Energy reduction measures are evaluated by making changes to the appropriate parameters of
calibrated pre- retrofit simulation. If a simulation tool is used to evaluate the energy reduction
measures, these parameter changes should be modeled using the software’s energy reduction
measure tools (for example, in TREAT the “Improvements” and “Packages” tabs should be
utilized, while in eQUEST the “Parametric Runs Tool” should be used). The model and savings
calculations should be developed using a “stacked” parametric approach, whereby energy
savings begin with the existing components, and are gradually transformed into the proposed

design by adding the energy reduction measures one-by-one.

Pre-retrofit simulation inputs shall be based on results of field inspections, measurements, and
as-built drawings. Where assumptions are made regarding building operating conditions, such
as lighting runtime hours, interior temperature, hot water demand, etc., the assumed values shall
be within the ranges provided in this document. If the provider believes that there are special
conditions that dictate the use of different assumptions or approaches for a particular project,
these special conditions and appropriate references shall be documented in the Program

Submission Documents and are subject to program review.

Inputs of pre- and post-retrofit simulations must be the same unless the related component is
specifically addressed by proposed measures. All differences between the pre- and post-retrofit
model inputs must be documented in the Program Submission Documents, including key
assumptions built into the simulation tool. For example, if U-values of the proposed windows or
post-construction ACH are automatically set by the software, such as in EA QUIP, these defaults

must be explicitly listed in the Program Submission Documents.



The same operating condition assumptions shall be used in the energy reduction measure as in
the existing building unless a change in operating conditions is specifically included as part of
the measure or unless directed otherwise in this document. For example, the lighting hours of
operation must be the same in pre- and post- retrofit models unless one of the proposed
measures includes installation of devices that affect fixture runtime, such as occupancy sensors,

timers, or photocells.

Measures that are expected to increase energy consumption must be included in the post-
retrofit model (i.e., higher proposed ventilation rates). The increase in energy usage must be

offset by other measures to demonstrate achievement of the program energy target.

For vacant units, use the average existing building conditions to address unknown conditions,

unless otherwise stated in the sections below.

- From ASHRAE Guideline 14: The whole building calibrated simulation approach involves the use of a computer
simulation tool to create a model of energy use and demand of the facility. This model, which is typically of pre-
retrofit conditions, is calibrated or checked against actual measured energy use and demand data and possibly
other operating data. The calibrated model is then used to predict energy use and demand of the post-retrofit
conditions. Savings are derived by comparison of the modeled results under the two sets of conditions or by
comparison of modeled and actual metered results.



3. Simulation Software

Providers are only required to use approved simulation software to model energy savings if it is
a Program requirement. However, any project using simulation software must follow simulation
requirements in Section 2 and 3, regardless of projected energy savings, and use approved
simulation programs dictated by the Program. New analytical tools may apply to the program
by submitting an application describing tool capabilities and demonstrating compliance with the
listed program requirements. Based on program review, the tool may be accepted for use on
one or several pre-approved pilot projects. Deliverables for projects that are not identified as
pilot projects prior to preparing the comprehensive energy assessment and that utilize software
not approved for use in the program will not be accepted. Only analytical tools that satisfy the

requirements outlined below may be considered.

e Compliance with ASHRAE 90.1 Appendix G simulation and documentation requirements; OR
e Approval for EPAct Federal Tax Deductions; OR

e DOE approval for use in Weatherization Assistance Program for multifamily buildings.

e Support of systems and configurations that are typical for multifamily buildings in the
northeastern United States.

e Support of Program business process and reporting requirements.
e Availability of technical support, training, and/or user manual and documentation.

e NYSERDA Program staff will not provide assistance with software-related questions or model
troubleshooting.

e Built-in troubleshooting tools and errors/warnings reports.

e Integrated support for evaluation of design alternatives (improvements).

The energy consumption of systems, equipment, and controls that are not directly supported by
the software used for the project should be calculated outside of the simulation tool. External
calculations may not be used to replace functions that are supported by the software tool. The
results of external calculations may be used to inform modeling inputs or to adjust modeling
results. The external calculation methodology must be documented and is subject to program

review. Original spreadsheets must be included in the submittals where applicable.



Example 1: The proposed scope of work includes replacement of incandescent fixtures with
fluorescent fixtures. Since any approved simulation tool will calculate savings from reduced
lighting wattage, including interaction with space heating/cooling, the energy savings from this

measure must be modeled in the simulation tool.

Example 2: The proposed scope of work includes installation of daylighting controls. If the
simulation tool used for the project does not support daylighting modeling, then the provider
may use external custom calculations or software tools to estimate the related energy savings or

reduction in fixture runtime.

10



4. Model Calibration

4.1 General Approach

Projects may include several buildings that are individually metered for some or all fuels or have
a common set of utility bills. Each building may have a single whole-building set of bills for each
fuel or may include multiple sets of bills (i.e., electricity consumption in apartments is metered
separately from the common space). This section provides guidelines for aggregating model

results and utility bills for the purpose of model calibration.

e When a single building has multiple sets of bills for a given fuel — for example, if electricity
consumption in apartments is directly metered, or if there is a separate set of electric bills for
the common space — all individual sets must be combined so that there is one set of bills
representing the total whole building consumption of each fuel. Comparing the individual
sets of bills to the modeled consumption of corresponding spaces — for example,
comparing electricity usage of common spaces predicted by the model to the billing data
for common spaces — may provide valuable additional insight into building operation, but it
is not required.

e When a project includes multiple buildings, the model calibration approach depends on the
metering configurations and whether the buildings have similar envelope and mechanical
systems.

Buildings are considered to have similar envelopes if all the following conditions are met:
e Building geometries are similar:
o Total conditioned building area differs by no more than 20%

o Percentage of area taken by common spaces differs by no more than 20 percentage
points

o Spaces in buildings are of a similar occupancy type

o Areas of surfaces of each type (exterior and below grade walls, windows, roof, slab) differ
by no more than 20%

e Thermal properties of envelope components are similar

e |Infiltration rates are similar

11



Example: There are two 60,000 SF, 6-story buildings in the project. One building has 12,000 SF
of corridors and common spaces (20% of total building area). The other building has the same
corridor area, plus a community room, rental office and laundry on the first floor, with the total
area of common spaces equal to 20,000 SF (33% of total building area). The percentage of
common spaces in each of these buildings differ by 13 percentage points (33%-20%), and the
buildings have spaces of different occupancy types; because of the different occupancy types,

they may not be considered as having similar geometry

12



Buildings are considered to have similar mechanical systems if all the following conditions are

met:

e HVAC or domestic hot water equipment in buildings is of similar type

e Overall plant efficiency varies by no more than 5 percentage points

e Mechanical ventilation rates are similar (within 10% based on air changes per hour (ACH)

Buildings are considered to have similar usage if the annual fuel usage per square foot of

conditioned floor area differs by no more than 10%.

Calibration approaches for several typical configurations are described in Table 4-1. Other

approaches may be allowed and are subject to program review.

Table 4-1. Calibration Approaches for Several Typical Configurations

Case A

Case B

Case C

Case D

Similarity
of Buildings
and
Systems

Non-similar
envelope or
mechanical

Similar
envelope and
mechanical

Similar
envelope and
mechanical

Non-similar
mechanical
systems

Type and
Similarity of
Heating Bills

Billing for heating fuel
is either per
apartment or per
building.

Billing for heating fuel
is either per
apartment or per
building; usage is
similar between
buildings.

The meter or billing

data for heating fuel

applies to multiple
buildings.

The meter or billing

data for heating fuel

applies to multiple
buildings.

Modeling Approach

Buildings must be explicitly modeled and individually calibrated to
the corresponding set of utility bills.

Create single model representing one building; calibrate to area-
weighted average annual usage.

Create single model representing all buildings that are served by a
single heating-fuel meter; calibrate to the total annual usage
shown for all fuels used at those buildings.

If simulation tool supports explicit modeling of non-identical
HVAC systems in a single model file, the same approach as for
Case C may be used. For tools that do not have this capability

(such as TREAT), separate models must be created representing
each building, and the total heating usage of these models must
be calibrated to utility bills.



4.2 Calibration Requirements

If applicable, project should use the program required weather normalization procedure for the
utility data. The difference between the annual modeled use and the weather-normalized utility
consumption for heating, cooling, and base load must differ by no more than -10% to 0%.
Please note, if using TREAT, the cooling consumption is exempt from this -10% to 0% range. The
model should not show more energy consumption than the weather-normalized utility data.
Where variation exceeds -10% to 0%, review the billing data and model inputs for anomalies,

data entry errors, misinterpretation of performance features, etc.

14



5. Thermal Zones

The thermal zones defined in the model impact the simulation accuracy. The following rules must

be followed:

Each space or group of spaces that is served by non-identical HVAC systems, or that will be
served by non- identical HVAC systems due to a proposed retrofit, must be modeled as a
separate thermal zone served by an HVAC system of appropriate type and efficiency. For
simulation tools such as TREAT that do not allow modeling multiple HVAC systems in one
project, efficiency of the modeled HVAC system that represents the various actual systems found
in the building must be based on the efficiencies of actual systems weighted by the heating load

of thermal zones that they serve.

Example 1: Site condition: Each apartment has a dedicated gas-fired furnace and a split system

air conditioner. All in-unit systems are the same.

Modeling approach: Since all in-unit systems are identical, apartments may be combined into

one thermal zone, provided that other conditions outlined in this section are met.

Example 2: Site condition: Apartments in a building have hydronic baseboards and are served

by a central boiler. Stairwells and utility areas have electric unit heaters.

Modeling approach: Stairwells and utility areas may be combined into one thermal zone
because they are served by the same type of heating system (electric heaters). Apartments
should be modeled as a separate zone served by central boiler. For TREAT projects, usage of
electric unit heaters may be estimated using the heating load of the zone that includes stairwells
and utility areas and modeled as a secondary heating system using fixed percentage of monthly

energy or similar approach.

Example 3: Site condition: All utility spaces in the building are served by electric heaters. The
Program Submission Documents includes a recommendation to replace electric heaters in some

of these spaces with gas unit heaters.

Modeling approach: Utility spaces for which the new heating system is proposed may only be
combined with other utility spaces that would undergo the same improvement to correctly

estimate the post-retrofit reduction in heating electric load and the increase in gas heating load.

15



Example 4: Site condition: All apartments in the building are served by a central heating system.

Some of the apartments also have room air conditioners.

Modeling approach: To correctly account for cooling energy usage, apartments may be modeled
as two thermal zones — one combining all rooms that are cooled and another combining all

rooms with no cooling.

If a space or group of spaces is determined to be overheated, and the overheating is being
addressed in the Program Submission Documents, overheated spaces may be modeled as a
separate zone. Space temperature measurements or other means that were used to determine
temperature and size of overheated zones must be included in the Program Submission
Documents. If overheated zones are not modeled explicitly, then the procedure used to
calculate modeled pre- and post- retrofit temperature of aggregated zones must be
documented in the Program Submission Documents. An example calculation is included in
Section 8.1.

Each space or group of spaces that have unique internal or solar heat gains or envelope loads
may be modeled as separate thermal zones to improve the accuracy of the simulation.
Combining apartments with different exposures or apartments adjacent to different surface
types (roof, slab-on-grade, etc.) into one thermal zone may underestimate the cooling and

heating loads.

Example 5: Site condition: On a sunny day in April, south-facing apartments may get overheated
due to solar gains, while north-facing apartments may need heat to maintain the thermostat

setpoint.

Modeling approach: If all apartments are modeled as a single thermal zone, then solar gains

through south- facing windows will offset heating load of north-facing apartments, which is not
an accurate representation of site conditions. This will decrease the modeled heating usage and
impact model-to-billing calibration. Modeling south-facing and north-facing apartments as two

separate zones will improve the accuracy of simulation.

16



6. Heating and Cooling Systems

6.1 Heating Equipment
6.1.1 General

Several efficiency descriptors may be available for the existing heating equipment and the

equipment considered as the retrofit.

Combustion Efficiency (Ec) accounts for stack losses and may be measured in the field by

performing a combustion efficiency test.

Thermal Efficiency (Et) accounts for the heat loss through the boiler jacket during boiler firing in
addition to the stack losses; therefore, Et is lower than Ec for the given equipment. It may be

calculated as the ratio of the nameplate boiler output to the nameplate boiler input.

Annual Fuel Utilization Efficiency (AFUE) accounts for stack and jacket loss, as well as for
equipment performance during the part load conditions in a “typical” installation. AFUE also
accounts for the energy that is wasted when the boiler is “idling” to maintain internal

temperature while the building is not calling for heat.

AFUE cannot be measured in the field or calculated based on the parameters shown on the
nameplate. It is determined through testing performed by the manufacturer. AFUE is also called
“seasonal efficiency” and is typically only provided for equipment under 300,000 Btu/h. The
AFUE represents the part-load efficiency at the average outdoor temperature and load for a
typical boiler installed in the United States. Although this value is useful for comparing different
boiler models, it is not meant to represent actual efficiency of a specific installation *°. With the
exception of condensing boilers, part-load efficiency metrics are usually not provided for larger

boilers.

A more complete explanation of each efficiency descriptor is available in the MPP’s April 17,
2008, Tech Tip — Boiler Efficiency (see Appendix C).

Energy consumption of fans and pumps associated with the heating system must be captured in

both the pre- and post-retrofit models.

17



Example 1: Site Conditions: Electric baseboards in apartments are replaced by a central hot

water boiler.

Modeling Approach: Electricity consumption of pumps serving the new system must be included
in the post- retrofit model to fully capture the tradeoffs between electric and hydronic heating.
Ignoring the heating-related electricity consumption of the post-retrofit system will lead to

overestimated electricity savings.

Performance of heating equipment may vary significantly depending on the overall HVAC
system design and field conditions. The model inputs must be based on the performance of the
existing and proposed heating systems for the conditions that exist at the given site. The
relevant system design parameters must be described in the Program Submission Documents

for both existing and proposed conditions.

Example 2: Site Conditions: The scope of work includes replacement of the existing boiler with a
new condensing boiler. Marketing literature for the condensing boiler reports that the boiler has

a thermal efficiency up to 98%.

Modeling Approach: The performance of condensing boilers depends strongly on the
return water temperature and the variations in load, as shown in Figure 1, which is based
on manufacture’s literature for an example boiler. The operating conditions that are
required to achieve the modeled efficiency must be documented in the Program
Submission Documents. The existing piping arrangement and a sample of radiators must
be evaluated to ensure that the conditions required to achieve the modeled efficiency are
feasible.

18



Figure 1. Example Condensing Boiler Thermal Efficiency
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Example 3: Site Conditions: The work scope includes replacement of the existing boiler with a
boiler that is equipped with a burner that can fire at reduced inputs while modulating both fuel

and air.

Modeling Approach: Projected savings should capture increased efficiency of modulating boiler
at part load conditions. The performance curves entered in eQUEST or efficiency adjustment
calculations for TREAT should be based on boiler part-load performance from manufacture, or

typical performance of modulating boilers from ASHRAE Systems and Equipment Handbook.

19



Figure 2. Boiler Efficiency as Function of Fuel and Air Input
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Example 4: Site Conditions: Energy modeling indicates that the existing boiler is significantly
oversized. The scope of work proposes to replace the existing boiler with a new higher efficiency

unit of the appropriate size.

Modeling approach: In space heating applications, low part-loading for a boiler occurs over
much of the heating season because of equipment oversizing and the fact that space heating
boilers must be sized to meet the maximum load even though this load only occurs rarely. For
example, one study found that multifamily boilers with on/off burners are typically only 21%

loaded on a heating season average basis” *°.

Run fraction at a given load condition may be estimated in the field by observing the burner
operation. For example, if a boiler fires for 5 minutes, then remains off for 20 minutes before

restarting, the run fraction is equal to 5 minutes / (5 minutes + 20 minutes) = 0.2 or 20% 52,

20



In eQUEST, the boiler part-load performance penalty may be captured by specifying the size of
the equipment in the Boiler Properties window of the Basic Specifications tab. In addition,
specify the appropriate performance curves in f (part load ratio) input box of Performance
Curves tab. The eQUEST library has default curves for atmospheric, forced draft, and condensing
boilers. Alternatively, custom curves may be created using manufacture-specified or measured
efficiency at part load conditions. eQUEST will combine part load equipment characteristics with
hourly heating loads and use the appropriate efficiency for each hour of the year in the
simulation. In TREAT, part-load efficiency is handled as described in the User Manual: “The part-
load adjustment is calculated for each month depending on equipment type and part-load ratio
during the month and varies between 0.75 and 1. If part-load ratio for boilers is less than 0.1,
then monthly usage is adjusted by 0.75 + 2.5 * PartLoadRatio. For forced air heating and cooling
systems, the monthly usage is adjusted by 0.75 + 0.25 * PartLoadRatio.”

6.1.2 Existing Conditions

For equipment with a heating capacity of 300,000 Btu/h or less, if the listed AFUE is available
from the equipment manufacturer for the existing equipment, AFUE 4cwuar shall be used in the
pre-retrofit model. For equipment with a heating capacity of 300,000 Btu/h or less with unknown
listed AFUE, and for equipment with heating capacity greater than 300,000 Btu/h, Etacwa shall be

used. AFUE gctuat and Etactuar shall be calculated as described.

Exception: If a heating retrofit is considered and AFUE is available for the existing equipment but

is not available for the proposed equipment, Et, actual shall be used for the existing equipment.

AFUE actual and Et,actual for the existing equipment shall be calculated assuming that
deterioration in annual or thermal efficiency is proportional to the deterioration in combustion

efficiency as follows:
AFUEactual=AFUElisted*Ec,actual/Ec,listed Et,actual=Et,listed*Ec,actual/Ec,listed Where
AFUEactual = actual AFUE of existing equipment

AFUElisted = AFUE of existing equipment listed on the nameplate or in the manufacturer’s
literature. Ec,actual = actual combustion efficiency of existing equipment measured during the
audit.

21



Ec listed = combustion efficiency of existing equipment listed on the nameplate or in

manufacturer’s literature. Et,actual = actual thermal efficiency of existing equipment.

Et listed = thermal efficiency of existing heating equipment listed on equipment nameplate or in

manufacturer’s literature.

If either Ec,listed or Et listed is not available for the existing equipment, then Table 6-1 shall be
used to estimate Et,actual based on the measured combustion efficiency Ec,actual. To compute
Et,actual, subtract the numbers in the table from the measured (actual) combustion efficiency

percentage.

Table 6-1. Average Percentage Point Differences Between E: & E: "7

Heat Exchanger 300,000-2,500,000 Btu/h 2,500,000 - 10,000,000
Fluid Btu/h
Natural Gas Oil #2 Natural Gas Oil #2
Steam Cast Iron 2.1 24 15 1.6
Water Cast Iron 1.6 24 14 1.6
Steel 2.2 34 NA NA

For equipment below 300,000 Btu/h, if AFUE actual cannot be calculated as described in the
section above, and for air-source heat pumps, then Table 6-2 must be used to estimate

efficiency based on the equipment age.

Table 6-2. Minimum Age-Based Efficiency

Mechanical Systems Units pre-1991 1992 to present
Gas Furnace AFUE 0.76 0.78
Gas Boiler AFUE 0.77 0.8
Oil Furnace or Boiler AFUE 0.8 0.8
Air-Source Heat Pump HSPF 6.8 6.8
Ground-Water Geothermal Heat Pump cop 32 35
Ground-Coupled Geothermal Heat Pump Ccop 2.7 3

The simulation model may account for lower summer efficiencies for the space heating boiler, in
the case where this boiler heats domestic hot water. The assumptions and references must be

documented in the Program Submission Documents.
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6.1.3 Improvements

6.1.3.1 System Replacement

AFUE shall be used to model the performance of equipment proposed as retrofit when the listed
AFUE is available from the equipment manufacturer for both existing and proposed equipment.
In all other cases, thermal efficiency (Et) shall be used to model both pre- and post-retrofit

equipment. Alternative methods may be used with appropriate references and documentation.

The maximum AFUE and/or thermal efficiency for new condensing boilers must be modeled at
92% or less. Higher boiler efficiencies may be achievable with an aggressive outdoor reset
schedule. However, distribution systems designed for higher temperature return water may not
be able to provide sufficient heat with the low return water temperatures required for
condensing. In addition, near boiler piping may not be designed to allow for low-return water
temperatures. If a higher efficiency is modeled, the following documentation must be provided:
1) the outdoor reset schedule; 2) a detailed description of the near-boiler piping and distribution
system showing that sufficient heat can be provided to the building at low return water
temperatures OR the proposed plan for updating the near-boiler piping and distribution system

to accommodate lower return water temperatures.

Rated efficiency of proposed HVAC equipment must be included in the Program Submission
Documents and must be based on the test procedure appropriate for the specified equipment
type, as listed in the Energy Conservation Construction Code of New York State. Equipment that
does not have the standard rating, such as ARI rating, may be allowed as a measure, but is

subject to program review.

6.1.3.2 Boiler Tune-up

The estimated useful life of boiler tune ups shall not exceed one year. The efficiency increase
due to boiler tune- up depends on the boiler condition prior to the tune-up and the scope of
work being performed. The longevity of such savings is difficult to determine, as factors such as
water quality, fuel, and proper maintenance are all influential. For example, commercial boilers
that use gas and light oil may only need to be cleaned once a year in comparison to boilers

using heavy oil, which require several cleanings each year .
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6.2 Cooling Equipment
6.2.1.1 Efficiency of Existing Equipment

If the efficiency of existing system cannot be determined based on the equipment nameplate,

the following values must be used in the pre-retrofit model:

e central air conditioners: SEER 10 / EER 9.2 3
e heat pumps: SEER 10 / HSPF 6.8 *3
e room air conditioners >

o <20,000 Btu/h: SEER 9.7

o >=20,000 Btu/h: SEER 8.5

6.2.1.2 Refrigerant charge correction

Refrigerant charge correction may be modeled as 10% improvement in pre-retrofit EER *.

6.3 Distribution System
6.3.1 Variable Frequency Drives (VFD)

Savings from the installation of variable speed drives shall be determined based on the
fan/pump affinity laws using an exponent of 2.2 (to account for system effect) and no more than

a 30% reduction in average flow.
Savings can be attributed to water or air distribution.

Example 1: Site condition: A central chiller plant in a high-rise multifamily building, using a
primary/secondary pumping scheme feeds 300 gallons per minute (GPM) of water throughout
the building to fan coil units. The pump is driven with a 10 hp motor with an operating bhp of
8.5. A VFD will be installed with an estimated average flow reduction of 20%. Existing motor
revolutions per minute (RPM) is 1,800 (RPM is to be taken from design documents where

available or from field gathered data).

Flow is directly proportional to rotational speed: Q1/Q2 = N1/N2, 300/240 = 1800/N2, N2
=1,440
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Where:

Q = chilled water flow before and after VFD installation. N = motor RPM before and
after VFD installation.
Once the new RPM is found the reduction in kW can be determined as follows.

kW1/kW2 =(N1/N2)*?, kW2 =kW1/(N1/N2)*?

Where:

kW1 = 8.5(bhp) * 0.746/0.88 (motor efficiency) = 6.34 kW kW2 = 7.2/(1800/1440)>?
kw2 =72 /175 = 4.11

Pre- and post-kW should then be multiplied to the typical run hours for the unit based on
location where applicable and the difference in kWh determined. The improvement can now be
modeled as an appliance using the difference in kWh as the yearly consumption and removed as

part of the improvement.

6.3.2 Steam Distribution Improvements

Improving a steam distribution system can improve tenant comfort and save energy. Various
distribution improvements, including installing orifice plates and thermostatic radiator valves,
repairing all basement steam traps, and installing an energy management system that controls
the boiler based on actual average building temperature appear to have a synergistic effect

when installed together.

The highest amount of savings will be achieved when all the following improvements are

implemented:

e |Install a correctly sized orifice plate on every radiator.

e Install TRVs or other in-unit controls so tenants can reduce the amount of heat supplied by
each radiator.

e |Install an EMS to control the boiler based on average actual indoor temperature or
recommission an existing EMS to reflect the new conditions in the building.

e Install air vents on all the risers to ensure that air can vent from the distribution system
quickly.
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e Repair all steam traps in the basement.

e Repair the pressure controls on the boiler to supply steam at the correct pressure for the
steam traps or orifice plates.

e Tune up the burner to maximize the efficiency across the range of firing levels.

Modeling distribution improvements using modeling software is difficult and is not
recommended at this time. Instead, the table below shows estimated savings for various
combinations of steam distribution improvements. The higher amount of savings is the

maximum estimated savings allowed for each combination of measures.

Table 6-3. Steam Distribution Improvement Savings

Savings as a Percent of

Installed Measure(s) Heating Energy Usage?®
Orifice plates or apartment steam traps ONLY 0%
Orifice plates or apartment steam traps AND 2-5%
Basement steam trap repair/replacement
Orifice plates or apartment steam traps AND Basement steam trap 10-20%
repair/replacement AND
EMS
Orifice plates or apartment steam traps AND 15-30%
Basement steam trap repair/replacement AND
EMS AND
TRVs

2. Estimated based on “Implementation of Supply-Side Orifice Plates in Two-Pipe Steam Systems” Prepared by
Steven Winter Associates, New York, NY.

Note: If any portion of the measures above were previously installed and will be recommissioned as part of the
proposed scope of work or have been recently tested and are in good condition, please describe this in the Measure
Description, and savings may still be claimed.
When estimating savings, it is important to understand the reason for each of the measures in
Table 6-3. Installing orifice plates on every radiator prevents steam from entering the return
piping via the radiators. However, if the steam traps in the basement are not also repaired or
replaced, steam will continue to pressurize the return piping, leading to underheated
apartments.

If orifice plates are installed on every radiator and the basement steam traps are repaired or
replaced, steam will not be able to pressurize the return piping, and heating imbalances in the

building will be reduced. The tenants will be much more comfortable but reducing heating
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imbalances does not produce substantial energy savings by itself; the apartments will be

uniformly overheated instead of some being overheated and some being underheated.

To achieve savings, the overheating must be reduced. A straightforward way to do this is to
install an EMS that turns the boiler off when a sample of apartments reaches the setpoint

temperature. If the building already has an EMS, it must be recommissioned after the orifice
plates have been installed and the basement steam traps are repaired. The settings must be

adjusted to the new conditions in the building to achieve savings.

Adding TRVs in addition to an EMS gives additional control over how much steam is needed to
heat the building. Tenants that prefer cooler temperatures can set their TRVs lower, which
reduces the amount of steam needed to heat the building if the distribution system is well

balanced.

When calculating interactivity between measures using modeling software, model the fuel

savings as an appliance that is removed.
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7. Heating/Cooling Temperature Schedule

71 Existing Conditions

Actual indoor temperatures during heating and cooling seasons must be modeled as thermostat
setpoints. Heating and cooling setpoints used in the model must be documented in the

Program Submission Documents.

If the total area-weighted building temperature of all modeled zones combined is outside a
range of 69°F — 76°F for at least some of the time during the heating season, then the inputs
must be supported by a record of indoor temperatures measured in multiple locations. See the
Technical Topic, Indoor Temperature, for more information. 242> 2,

Example 1: Site Conditions: It is determined that 20% of apartments are overheated and that
the average temperature for these apartments is 82°F. The average space temperature in the

remaining apartments is 72°F.

Modeling Approach: Overheated spaces may be modeled as a separate zone or aggregated with
other apartments. If modeled as a separate zone, then the space temperature of the zone
representing overheated apartments will be modeled as 82 °F, and the space temperature of the
zone representing the rest of the apartments will be modeled as 72°F. If overheated areas are
aggregated with other apartments into single zone, then the modeled temperature of this zone
is calculated as 82°F * 20% + 72°F * 80% = 74°F.

With either approach, the weighted average temperature in the model is 74°F, which falls within

the range allowed by this Section 8.1(b).
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7.2

Improvements

Table 7-1. Temperature Reduction at Apartment Level

Existing
Non-programmable
thermostats; corresponding
heating or cooling bills NOT
paid by residents

Non-programmable
thermostats; corresponding
heating or cooling bills paid
by residents

Any resident-controlled
thermostat, TRV, or other
temperature control

Proposed

Programmable thermostats in

apartments or TRVs with no upper limit

set

Night setback via programmable

thermostats in apartments

Range-limited thermostats, TRVs, or
other controls with a specific upper

limit on indoor temperature

Modeling Protocol

Not allowed in scope of work as an energy
efficiency measure %> — unlikely to generate
energy savings

Heating: maximum 3°F setback for 8 hours per
day 53
Cooling: maximum 2°F increase for 6 hours per
day 18

Must use interior space temperature no less
than specified upper limit 2425, Maximum 2°F
temperature reduction.

Note that if modeled energy savings are based on the reduction of space temperature in apartments where
occupants have unlimited apartment-level control over the heating setpoint, the post retrofit temperature during
occupied periods should not be less than 74°F in buildings with owner-paid corresponding utilities, or 72°F in
buildings with resident-paid corresponding utilities 25.

Table 7-2. Temperature Control at Building Level — Steam Systems

Existing

Proposed

Modeling Protocol - Steam

On/off control only; no outdoor reset

Note that outdoor reset for steam
systems is defined as a control that
adjusts the length of the steam cycle
as the outdoor temperature changes.

Qutdoor reset

Model as a temperature reduction. Do not model as
“outdoor reset” as this option only applies to hot water
system or vacuum steam systems. Must provide details of
existing controls and evidence that outdoor reset is not
currently being utilized.

Outdoor reset;
heating imbalances observed

Outdoor reset;
no heating imbalances

EMS with indoor
temperature
sensors

EMS with indoor
temperature
sensors

1°F maximum temperature reduction

Distribution imbalances not addressed: 2°F maximum
temperature reduction

Distribution imbalances addressed: 3°F maximum
temperature reduction

3°F maximum temperature reduction

The temperature reductions in the table above are weighted average reductions, inclusive of

night setback.
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Table 7-3. Temperature Control at Building Level — Hot Water Systems

Existing Proposed Modeling Protocol - Hot Water

Model as outdoor reset control on hot water
loop. Must provide details of existing controls
and evidence that outdoor reset is not currently

Outdoor reset being utilized. System must be able to operate
with outdoor reset (condensing boilers and/or
boilers separated from heating loop).

On/off control only, no

outdoor reset Model as above for outdoor reset portion of
savings.

Outdoor reset

and EMS with Additionally, model a temperature reduction of
indoor 1°F maximum if the outdoor reset curve (i.e. the
temperature hot water loop set point) will be adjusted based
Sensors on feedback from apartment sensors.

Model as a temperature reduction if outdoor
reset curve (hot water loop set point) will be

EMS with indoor adjusted based on feedback from apartment
Outdoor reset

temperature sensors.

sensors

1°F maximum temperature reduction

Steam boilers that supply a hot water loop are to be considered a hot water system. The
temperature reductions in the table above are weighted average reductions, inclusive of night

setback. For more information, see Appendix D.
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8. Air Infiltration and Mechanical Ventilation

8.1 Mechanical Ventilation

Mechanical ventilation shall be modeled according to data collected by the provider during the
site visit, including the fan runtime hours and flow rates. Fan flow rates may be measured,
obtained from as-built drawings and specifications, estimated based on manufacturer’s data for
the installed model and ductwork characteristics, or estimated based on the rated fan motor

horsepower listed on the nameplate.

The electricity consumption of fan motors shall be included in the model based on the rated
power consumption and the annual fan run time, as determined in the field. The following

equations may be used to estimate fan motor energy:

_ FanStatic Pressure 20
kaan =CFM (8520*FanEfficiency)

— bhp (— 0746 15
kaan = bhp (FanEfficiency)
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where:
CFM = design flow rate

FanStaticPressure = pressure drop in ductwork, inch H20 FanEfficiency = fan motor efficiency
fraction

ft3xinches )

8520 = conversion factor, ( -
minutesxkW

bhp = break horsepower of fan motor

If the proposed improvements include a change in mechanical ventilation rates, then the
projected savings should reflect the impact of the change on heating and cooling loads and fan

motor energy consumption.

8.2 Pre-retrofit Infiltration

Average air changes per hour (ACH) in the conditioned space caused by natural infiltration of
outdoor air during the heating season must be below 1.0 ACH, or below 0.21 CFM per square
foot® of gross vertical exterior wall area 2%7#° 4 However, infiltration rates may be much lower
than these maximum values in most multifamily buildings, and 0.6 ACH should be considered
typical. Average heating season air changes that are higher than 1.0 ACH might occur when
there are many intentional openings, such as a high occurrence of open windows. If present,

these conditions must be documented in the Program Submission Documents.

Blower door measurements may be converted to estimated annual infiltration rates using the

equations below 2"
ACH=ACH50/K
ACH50=CFM50*L/Building Volume [CF]

Coefficients K and L may vary depending on the building and test conditions. In the absence of

project-specific references, K=20 and L=60 should be used.
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Non-apartment spaces with low area of exterior surfaces, such as corridors or basements, have

much lower infiltration rates. For example, 0.2 ACH is considered typical for a basement. A

notable exception to this rule are mechanical rooms, which often have much higher infiltration

rates due to intentional combustion air openings.

3 This value of CFM/sq. ft. represents infiltration through all components of the building envelope, including the roof,
normalized to CFM per square foot of gross vertical wall area above ground.

4 These are approximations based on a review of reports by Gulay, et al., (1993); Palmiter, et al., (1995); Shaw et al.,
(1980, 1990, and 1991); and Sherman et al., (2004). Information on measured infiltration rates in multifamily

buildings is extremely limited. Most of the available information cannot be directly correlated to New York State’s
building stock and climate conditions

8.3 Interaction between Infiltration and Mechanical
Ventilation

Outdoor air flow rates in pre- and post-retrofit models shall reflect the combined effect of
natural and mechanical ventilation. If the simulation tool does not automatically account for the
interaction between infiltration and ventilation, which is the case for most tools, including TREAT
and eQUEST, then the combined flow rate must be calculated using equation *' in Chapter 16 of
the 2017 ASHRAE Handbook-Fundamentals, as quoted below:

— 2 2
Qcomb - Qbal + JQunbal + Qinfiltration

(Equation 8.1)

Qcomb [CFM] = combined rate of natural and mechanical ventilation.

Qbal [CFM] = balanced mechanical ventilation in a space or group of connected spaces
that have both exhaust and supply fans. This represents the portion of mechanical
ventilation where the exhaust flow is equal to the supply flow. Qbal = minimum
(Qexhaust, Qsupply)

Qunbal [CFM] = unbalanced mechanical ventilation flow in a space of group of
connected spaces. This is the portion of mechanical ventilation where either the exhaust
or supply flow is greater than the other.

Qunbal = maximum (Qexhaust, Qsupply)- Qbal. If the space has only supply or exhaust,
all the flow is unbalanced.

Qinfiltration [CFM] = natural (hon-mechanical) infiltration rate.
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Equivalent combined rate Qcomb may be modeled as either all-mechanical or all-natural
ventilation, or as a combination of the two as appropriate for the simulation tool being used.

See Modeling Approach section for calculation procedure.

8.4 Infiltration Reduction Improvements

Air sealing and infiltration reduction improvements should be conservatively estimated as not to
overstate energy savings. When calculating the proposed infiltration reduction, it is
recommended that you use known leakage rates of specific building components, for both pre-
and post-retrofit conditions. Included in Appendix B is a table from the 2001 ASHRAE
Fundamentals Handbook listing the Effective Leakage Area through common building

components.

Once the combined reduction in Effective Leakage Area has been calculated, the following

formula can be used to calculate the natural ACH reduction achieved:

A —6944<AL>(H)
n= o Ar ) \H,

An = Normalized leakage area, equivalent to natural ACH reduction achieved *° Al =

0.3

Effective Leakage Area (in2)

Af = Gross floor area (ft2)

H = Building height (ft)

HO = reference height of one-story building, 8 ft
Field research has shown that extensive air sealing measures can reduce a building’s total
infiltration rate by 18% to 38% *°. Consistent with that, the maximum percentage reduction in
infiltration from all improvements combined should be capped at 38%. This does not include the

portion of infiltration that is attributable to occupant behavior, such as opened windows due to

poor heating control.

If an infiltration reduction measure is included in the scope of work, it is important to update the
interaction between the infiltration and mechanical ventilation for post-retrofit conditions using

Equation 8.1 above. More details are included in the Modeling Approach section below.
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8.5 Modeling Approach

As mentioned in the section above, it is important to consider the interactions between
infiltration and mechanical ventilation when calculating savings associated with either of these
types of measures. The combined natural and mechanical ventilation should be calculated using
Equation 8.1 above for both pre- and post-retrofit conditions and entered correctly into the

energy modeling software.

When entering mechanical ventilation, adjust rates to reflect runtimes. Whole building natural
infiltration higher than 0.6 ACH usually indicates above average air leakage, which should be
evident from the site visit, with the locations of leakage documented in the Program Submission

Documents.

When modeling or calculating the infiltration savings due to reducing the number of open
windows by tenants, a penetration rate of no more than 90% should be used in assuming the
retrofit ACH value.
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9. Lighting

9.1 General

The modeled wattage of fixtures that have ballasts or transformers must include the
consumption of all components and not just the nominal lamp wattage. Every effort should be
made to look up the specifications for the particular ballast model number. Appendix A lists
total wattages for the typical lamp/ballast combinations that may be used in the model if the

fixture-specific information is not available.

If the hourly lighting load distribution must be entered into the modeling tool, then the software
default schedules, or the schedules developed by NREL and made available at the Building
America website at http://www1.eere.energy.gov/buildings/building_america/perf_analysis.html
(End-Use Profiles), may be used, provided that the load distribution does not exceed the total

hours of operation required in this document.

Exterior lighting that is on the site utility meters (e.g., pole fixtures for walkways and parking,
exterior lighting attached to the building, etc.) must be included in the energy simulation and

considered for retrofit.

Improvements to exterior lighting may involve replacement of existing fixtures with new fixtures
having better efficacy, reducing the number of fixtures to eliminate over lighting, and installing

lighting controls such as timers, occupancy sensors and photosensors.

The same hours of operation must be used for pre- and post-retrofit fixtures unless the measure

includes the installation of device(s) that affect the fixture runtime.

9.2 Existing Conditions

The modeled wattage of existing incandescent fixtures must be equal to the wattage of the

installed bulbs, but no greater than the maximum rated fixture wattage (see Appendix A).

Lighting inside apartment units for which no retrofit is proposed should be modeled as having
an installed wattage of 2.0 W/SF ' and operating 2.34 hr/day 23, or 2.0 * 2.34 = 4.68 [Wh/SF-
day]. As part of the process to calibrate the model to utility bills, this energy consumption may

be modified + 30% by adjusting either the installed wattage or hours of operation.
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Apartment lighting that is being retrofitted must be modeled with the operating hours in Table
9-1 below based on the room type '°. Alternatively, 3.2 hours/day runtime may be assumed for
the existing incandescent lamps retrofitted with screw-in LEDs and 2.5 hours per day may be

assumed for all other existing fixtures that are replaced >*. Alternative assumptions may be used

but must be accompanied by the proper references and are subject to program review.

Existing or proposed lighting controls, including occupancy sensors and timers, may be modeled
as a reduction in the hours of operation or as an equivalent adjustment to the installed lighting
power from Table 9-2 ™ ', Alternative reductions in hours may be used but must be

accompanied by the proper references and are subject to program review.

Table 9-1. In-Unit Lighting

Average Lighting Usage

Room Type (hrs/day)
Kitchen/Dining 35
Living Room 35
Hall 2.5
In-unit laundry/utility room 2.5
Bedroom 2.0
Bathroom 2.0

Table 9-2. Common Area Lighting

Power Adjustment Percentage

Space Type Reduction in Operating Hours
Hallways/Corridors 25%
All other spaces intended for 24-hour use 10%

9.3 Improvements

Without evidence of significant over-lighting, reductions in light output should not be included
as part of energy savings projections from LED retrofits. For more details see Technical Topic:

LED Lighting Recommendations in Appendix E.
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If an improvement includes installation of fixtures that will use screw-in CFLs, then the modeled

wattage of proposed fixtures must be equal to the maximum rated fixture wattage, regardless of

the wattage of the proposed bulbs. For example, if a new fixture can use either incandescent

bulbs or CFL, the wattage of the fixture's maximum allowable incandescent bulb must be used in

the model.

Depending on existing lighting and proposed lighting, the program limits allowable claimed

wattage reduction based on the table below. Note, these wattage reductions are often different

than what is recommended by manufacturers’ packaging. In addition, care must be taken with

special populations (such as seniors) to provide appropriate lighting levels. For more details see

Technical Topic: LED Lighting Recommendations in Appendix E.

Table 9-3. Wattage Reduction Limit

Existing Fixture Type

Incandescent

Incandescent

Fluorescent & High
Intensity Discharge (HID)

Proposed Fixture

Type

Fluorescent or CFL

LED

LED

Wattage reduction limit

3.4:1 reduction in wattage

4.5:1 reduction in wattage

If the efficacy of the existing fixtures

is unknown, then a wattage
reduction of no more than 1/3
should be assumed

Example

CFL replacing a 60W
incandescent bulb should be
modeled at no less than 18W
(60W/3.4)

LED replacing a 60W
incandescent bulb should be
modeled at no less than

13.3W (60W/4.5)

LED replacing a 150W HID
should be modeled at no less
than 100W

If a project includes a wattage reduction greater than what is allowed as described in the above

table, one of the following documentation alternatives must be submitted for each non-

compliant fixture:
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Table 9-4. Documentation Alternatives

For the Existing Fixture For the Proposed Fixture
Option 1* Existing light output and how measured, Cut sheet including the model number, wattage, and
existing wattage and how measured, make mean lumen output.
and model of existing fixture, lamp, and
ballast.
Option 2 Photos of light meter readings confirming Foot-candle calculations for the space, confirming the
space foot-candles. proposed design provides lumens per square foot that
are greater than or equal to the existing measured light
levels.
Option 3 N/A Foot-candle calculations to confirm foot-candles meet or

exceed recommendations in the current edition of the
lllumination Engineering Society (IESNA) Lighting
Handbook based on space type.

* See the Technical Topic: LED Lighting Recommendations in Appendix E.

For estimating proposed energy usage from lighting controls, see section 9.2 and Table 9-2.
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10. Envelope Components

10.1 Surfaces

If different cross-sections through non-steel-framed surfaces have different R-values, then the
overall effective R-value for those surfaces must be calculated by first calculating the U-values of
each cross-section and then pro-rating the U-value by the corresponding fraction of surface
area as described in the calculation example in the Technical Topic on Calculating the U-values

of a Surface released for New Construction projects.

Construction libraries of approved simulation tools may be used but must represent the

combined thermal properties of the frame and cavity sections.

Effective R-values of metal frame constructions must be based on the tables in ASHRAE
Standard 90.1 (Appendix A within ASHRAE Standard 90.1). The applicable version of ASHRAE
90.1 should align with the state's commercial energy code in effect on the buildings permit date.
The ‘permit date’ is the date on which the permit authorizing construction of the building was
issued. If the pre-retrofit or post-retrofit conditions include insulation that has an intermediate
R-value between those provided in the tables, then it is legitimate to interpolate between the
framing/cavity R-values shown in the table. For example, if cavity insulation was determined to
be R-20, but ASHRAE 90.1 only provides effective R-value for R-19 and R-21 cavity insulation for
the given construction, then the average of these values may be used to model a surface with R-

20 cavity insulation.

If gaps or other defects in the existing insulation are discovered, then its U-value must be de-

rated. The de-rating procedure must be explained in the Program Submission Documents.

For portions of envelope where construction cannot be determined, the following assumptions

may be used **:

e Old, poorly insulated / un-insulated wall - R-7
e Existing wall with average insulation — R-11
e Old, poorly insulated roof — R-11

e Existing roof with average insulation — R-19
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Libraries available in the simulation tools include many common constructions. If the exact
match for the existing or proposed construction cannot be found (for example, if there is no
matching entry in the TREAT library), then the effective R-value for the surface, including de-
rating for insulation defects, should be calculated outside of the simulation tool. If software
(such as TREAT) does not allow entering custom constructions, then the surface with the closest
effective R-value must be selected from the library. An attempt should be made to select a
surface assembly which also has a similar thermal mass. For example, if the actual wall has block
construction, it is preferable that the surface assembly selected from the library to represent this

wall includes a block layer.

10.2 Fenestration

10.2.1  Existing Condition

The following properties must be used to model existing windows unless building-specific

information is available °3;

e Single pane windows: solar heat gain coefficient of 0.87 and U-value of 1.2 Btu/h-SF-deg F

e Double pane windows: solar heat gain coefficient of 0.77 and U-value of 0.87 Btu/h-SF-deg F

Please note, the modeler is allowed to use more conservative values if the existing window solar
heat gain coefficient and U-value are unknown, in order to more realistically project savings
based on the existing buildings characteristics. Please note these assumptions in the Program

Submission Documents and reasoning for not using the prescribed values above.

10.2.2 Proposed windows

The actual properties of the specified window must be used in the modeling. If those U-values
and SHGC's are not available, model windows that meet the Program's Minimum Performance
Standards.
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11. Domestic Hot Water

11.1 Domestic Hot Water Heating Systems
11.1.1  Water Heating Equipment Categories

Residential Storage Water Heaters. This category includes electric heaters with input < 12kW,
gas heaters with input < 75,000 BTU/h, and Oil heaters with input < 105,000BTU/h, and storage
capacity below 120 gallons.

Residential Instantaneous Water Heaters. This category includes gas heaters with input < 75,000
BTU/h and oil heaters with input < 210,000BTU/h.

Larger storage and instantaneous heaters are categorized as Non-residential.

11.1.2 Water Heating Equipment Performance Characteristics

Efficiency of water heating equipment is described through one or more of the following

parameters:

Recovery Efficiency — heat absorbed by the water divided by the heat input to the
heating unit during the period that water temperature is raised from inlet temperature to
final temperature.

Recovery Rate — the amount of hot water that a residential water heater can continually
produce, usually reported as flow rate in gallons per hour, which can be maintained for a
specified temperature rise through the water heater.

Energy Factor — a measure of water heater overall efficiency determined by comparing
the energy supplied in heated water to the total daily energy consumption of the water
heater determined following DOE test procedure (10 CFR Part 430). The energy factor
represents the fraction of all heat that was used to heat the water and maintain the
temperature of that water in the face of standby losses that is still present in the water
when it flows into the distribution system. It can never be higher than the thermal
efficiency (see below).
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Standby loss, as applied to a tank type water heater under test conditions with no water
flow, is the average hourly energy consumption divided by the average hourly heat
energy contained in the stored water expressed as percent per hour. This may be
converted to the average Btu/h energy consumption required to maintain any water-air
temperature difference by multiplying the percent by the temperature difference, 8.25
Btu/gal*F (a nominal specific heat for water), the tank capacity, and then dividing by 100.

Thermal Efficiency is the heat in the water flowing from the heater outlet divided by the
heat input over a specific period of steady-state conditions. Et accounts for the flue
losses and the loss through the heater (boiler) jacket when boiler is firing.

Residential water heaters (storage and instantaneous) have performance specified by the energy

factor, EF. Non-residential water heaters with storage volume <10 gal usually have thermal

efficiency E: available. Water heaters with larger storage capacity have standby loss ratings in
addition to thermal efficiency. For unfired storage tanks, R-value of tank insulation is usually
specified.

11.1.3  Evaluating Performance of the Existing Water Heaters

If performance of the existing water heater is unknown, combustion efficiency Ec should be

measured. This value should be reduced by 3 percentage points to estimate thermal efficiency Et
39

Et=Ec-0.03

For all instantaneous water heaters, assume negligible standby losses SL=0 and EF=Et. For
residential water heaters, the following relationship may be used to estimate EF *%: EF=0.62-
0.0019*Rated Storage Tank Volume

For commercial storage water heaters, use the following relationship to estimate SL *:

Q 110

L=—4—
SL=80t 7

Q[Btu/h] - rated input power V[gallons] - rated storage tank volume
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eQUEST requires that user enters Heat Input Ratio (HIR), tank volume in gallons, and tank
UA . These shall be determined as follows:

HIR = 100/Et
UA=SL*Et/70

Part load performance degradation must be based on default DOE2 performance curves. If
simulation tool allows specifying water heater efficiency using different parameters, such as in
TREAT, the same efficiency descriptors must be used for both baseline and proposed equipment

where possible.

11.2 Existing DHW Demand

Overall Hot Water Consumption

The typical usage reported in the ASHRAE Applications Handbook is 14-54 gal/day/person. This
is based on studies by Goldner and Price ¢, which also demonstrate that a middle range is 30
gal/day/person. This middle range is a good starting point for modeling. Demographic

characteristics affecting hot water consumption are shown in Table 11-1.

Consumption above 54 gal/day/person is possible and was observed in some field studies “;
however, if the model is using a high-water consumption to calibrate the model, then other
possible factors affecting DHW usage must also be considered, and justification must be
included in the Program Submission Documents. Examples of factors affecting DHW demand
and/or DHW energy consumption could be the DHW temperature, equipment efficiency,

standby and distribution losses, and water leaks.
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Table 11-1. Demographic Characteristics Correlating to DHW Consumption

Demographic Characteristics Average daily DHW usage
(gallons/day per person)

No occupants work High % of Children Low income 54
Public assistance

Families Singles 30
Single-parent households

Couples Middle income Seniors 14
All adult occupants work.

Note: These gallons are for DHW set at a temperature that will achieve 120°F at the tap.

Example: Site Conditions: A building has 15 apartments and is occupied mostly by low-income

families with children, with an average of three people per apartment.

Modeling Approach: Model hot water usage as being up to 54 gal/day-person*3
person/apt=162 gal/day/apartment. If proper calibration is still not achieved, then other factors
affecting hot water heating energy consumption must be considered, including the DHW
temperature, equipment efficiency, standby and distribution losses, water leaks, etc., before a

further increase in hot water demand is modeled.
Allocation of demand to the correct end uses.

If the Program Submission Documents includes any measure that claims energy savings from
reducing DHW consumption, then the base- building DHW consumption must be determined
by calibrating the modeled DHW-related energy usage and by modeling all clothes washers and
dishwashers on site. Modeling of existing clothes washers and dishwashers is required for
modeling the installation of faucet aerators or showerheads. This will assist in validating the
portion of total hot water consumption that is allocated to the non-appliance usage in the base-

building model.
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11.2.1  Clothes Washers
The assumed hot water consumption of existing clothes washers shall be determined as follows:
Determination of annual loads per washer. Use actual measured annual loads per washer when

available, such as from coin income receipts. Otherwise, use the typical loads per washer as

defined below.

Common area washers. The number of annual wash cycles per each washer located in a common
area shall be determined per the formula below, or as 2,738 cycles/year per washer, whichever is

less:

L eommon _ (Number of occupants with no washer inapt.)

% 36.5

(Number of common area washers)

Lcommon = Annual number of loads per each washer located in a shared common area laundry
room *’. Number of occupants with no washer in apartment is equal to the total number of
residents at the site multiplied by the percentage of apartments that do not have in-unit clothes

washers.

Number of common area washers is equal to the total number of washers located in common

areas, not just the washers intended for replacement.
The number of loads per washer shall be equally distributed among all common area washers.

In-apartment washers. The number of wash cycles for an in-apartment washing machine shall be
modeled as being between 110 to 146 loads per occupant per year, multiplied by the number of
occupants in that apartment *’ (the average number of occupants per apartment may be used).
If the apartment has more than one washing machine, then the result should be divided by the

number of washers to determine annual loads per washer.
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Determination of hot water consumption per load. Hot water consumption per load shall be
determined by multiplying the rated total gallons per load (hot and cold water combined) by the

following percentages “:
e For non-EnergyStar® models, multiply the total rated water consumption per load by 29%.

e For EnergyStar® models, multiply the total rated water consumption per load by 21%.

Rated total gallons per load (hot and cold water combined) is equal to the rated water factor
multiplied by the washer volume (cubic feet). If only the EPA rating for gallons per year is known,
such as for residential models, then divide gallons per year by 392 to determine gallons per load
(both hot and cold water).

11.2.2 Dishwashers

See discussion of dishwashers in Plug Loads section of this document.

11.3 DHW Improvements

11.3.1 Low-flow devices

If the installation of low-flow faucet aerators or showerheads is included in the Program

Submission Documents, then:

The flow rate of existing fixtures must be documented and based on measurements in a
sample of apartments.

e All existing dishwashers and clothes washers must also be modeled in the base-building
model per these guidelines.

e Post-retrofit flow rates must be modeled at a minimum of 1.5 GPM.
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e Post-retrofit flow rates less than 1.5 GPM may be modeled if a cut sheet confirming the
make, model, and GPM is provided, and this information is able to be verified on the fixture
itself during building inspections.

e A penetration rate of no more than 90% should be used in assuming the retrofit of low-flow
devices (kitchen sinks, bathroom sinks, showerheads). A 100% penetration rate may be used
for toilets.

If the simulation tool allows for explicit modeling of water heating energy savings associated
with low-flow device installation (such as TREAT), then the tool functionality must be used to
calculate the savings. If the reduction in annual hot water consumption due to low flow fixture
installation must be calculated externally (for example, when using eQUEST) the DHW Reduction

must be calculated as described below, and applied to the existing modeled flow rate:

DHW Reduction = % reduction in annual DHW usage

LFS [GPM] = average weighted flow rate of low-flow showerheads PS [GPM] = average
weighted flow rate of pre-retrofit showerhead LFF [GPM] = average weighted flow rate
of low-flow faucet

PF [GPM] = average weighted flow rate of pre-retrofit faucet

The flow rates of existing fixtures that are being replaced must be measured and included in the

Program Submission Documents.

11.3.2 EnergyStar® clothes washers.

Annual loads per washer shall be modeled as described in Section 12.2. Hot water consumption
per load for new EnergyStar® models shall be determined by multiplying the rated total gallons
per load (hot and cold water combined) by 21% “.

11.3.3 EnergyStar® dishwashers.

Simulation guidelines for dishwasher DHW consumption and savings are shown in the Plug

Loads section of this document.
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12. Elevators

12.1 Existing Conditions

Elevator energy consumption for a specific building is difficult to estimate. Even when the type
and size of the motor can be determined, the actual consumption depends on many variables,
including building type, population type, hoist mechanism, weights of the load and
counterbalance, speed of travel, etc. Best practice for determining the electricity consumption of
a specific elevator is to monitor its electricity consumption for several weeks using data logging

equipment that can record actual energy consumption.

If actual electricity consumption cannot be determined through data monitoring, pre-retrofit
elevator energy use should be modeled as 2%-7% of whole building electricity use (excluding

electric heating and/or electric hot water), unless additional documentation is provided.

Table 12-1. The Relative Efficiency Between Different Types of Elevators
Elevator Type

DC Motor with Motor Generator Set _

DC Motor with Rectifier

AC Geared Motor

AC Geared Motor with VVVF
AC Gearless Motor with VVVF

AC Gearless Motor with VVVF and Regenerative Braking Most Efficient

The Technical Topic, Elevator Energy Use and Other Essentials (see Appendix F), provides a more

detail review of the different types of elevators and their associated energy use.
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12.2 Improvements

Total projected electrical savings from elevator replacement, motor and/or controls, should not
exceed more than 60% of the total elevator electricity consumption pre-retrofit. This maximum
reduction assumes that the least efficient type of elevator (DC Motor with Motor Generator Set)
is being replaced with the most efficient type of elevator (AC Gearless Motor with VVVF and
Regenerative Braking). See Table 12-1 above for the relative efficiencies between different types

of elevators. If savings are greater than 60%, they must be clearly documented and supported.
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13. Plug Loads

13.1 Existing Conditions

With the exception of refrigerators and dishwashers, kitchen appliances that are not targeted for
replacement in the Program Submission Documents may be modeled using the appropriate
software defaults or as specified for pre-retrofit conditions in the Improvements section below.

Usage of such appliances may be adjusted +30% as part of model calibration.

The provider must sample a reasonable number of existing refrigerators, and must use data
from the manufacturer, the appliance Energy Guide label, the Association of Home Appliance
Manufacturers (AHAM) directory, or from the online databases such as
https://www.energy.gov/scep/wap/articles/refrigerator-and-freezer-energy-rating-online-
search-tool based on the actual models found in the building. If data on energy consumption
based on the model numbers is not available in the sources listed above, the provider must

monitor a reasonable sample of refrigerators.

Loads from miscellaneous small kitchen appliances, home entertainment equipment, computers,
etc., may be combined into one category and modeled as 1.37 kWh/yr. per square foot of
finished floor area of living space °. This usage may be adjusted +30% as part of the process of

calibrating the model to utility bills.

Alternatively, the actual equipment may be modeled as recorded during the audit and

documented usage assumptions.

Miscellaneous electric loads in non-apartment spaces may either be based on Table 13-1 % or

loads from actual equipment found during the audit and documented usage assumptions.

Table 13-1. Miscellaneous Electric Loads in Non-Apartment Spaces

Space Type Annual Electricity Usage

Corridors, restrooms, stairs and 0.7 kWh/SF
support areas

Offices 4.9 kWh/SF

All Other 1.0 kWh/SF
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13.2 Improvements

If the Program Submission Documents includes installation of ENERGY STAR® refrigerators, the
post-retrofit usage must be based on data from

https://www.energystar.gov/products/refrigerators.

If the Program Submission Documents includes the installation of ENERGY STAR dishwashers,
then pre- and post-retrofit usage must be based on data for the existing and proposed models
from the manufacturer, taken from the appliance Energy Guide label, or as published by
Association of Home Appliance Manufacturers (AHAM). If the data for the pre- or post-retrofit
dishwasher is unknown, then values from Table 13.2 may be used. The usage is based on 215

cycles per year.

Table 13-2. Pre- and Post-Retrofit Energy Usage for Dishwashers

Annual Fuel Usage per Unit Energy Star® Dishwasher Existing Dishwasher
Electricity consumption 187 kWh 264 kWh
Water Heating Gas / Electric 6 therm /144 kWh 19 therm / 203 kWh

If the Program Submission Documents includes the installation of ENERGY STAR® clothes
washer, then information about the existing and proposed washer models must be provided,
including manufacturer, model number, the rated total motor electricity consumption as listed
by the manufacturer or current ENERGY STAR publications, and documentation of the typical
kWh consumed per cycle for each model. The associated water heating savings shall be

modeled as described in Section 11.
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15. Appendix A: Lighting Power Tables

The following tables are from the New York Standard Approach for Estimating Energy Savings from Energy Efficiency Measures Version 12,

October 22, 2024 * and show typical lighting power for various fixtures and their ballast/lamp combinations.

Fixture Code

CF10/2D
CF10/2D-L
CF11/1
CF11/2
CF16/2D
CF16/2D-L
CF18/3-L
CF21/2D
CF21/2D-L
CF23/1
CF23/1-L
CF26/3-L
CF26/4-L
CF26/6-L
CF26/8-L
CF28/2D

CF28/2D-L

Lamp Code

CFD10W

CFD10W

CF11W

CF11W

CFD16W

CFD16W

CF18W

CFD21W

CFD21W

CF23W

CF23W

CF26W

CF26W

CF26W

CF26W

CFD28W

CFD28W

Description
Compact Fluorescent, 2D, (1) T0W lamp

Compact Fluorescent, 2D, (1) 1T0W lamp
Compact Fluorescent, (1) 1T1W lamp
Compact Fluorescent, (2) 11W lamp

Compact Fluorescent, 2D, (1) 16W lamp

Compact Fluorescent, 2D, (1) 16W lamp
Compact Fluorescent, (3) 18W lamp

Compact Fluorescent, 2D, (1) 21W lamp

Compact Fluorescent, 2D, (1) 21W lamp
Compact Fluorescent, (1) 23W lamp
Compact Fluorescent, (1) 23W lamp
Compact Fluorescent, (3) 26W lamp
Compact Fluorescent, (4) 26W lamp
Compact Fluorescent, (6) 26W lamp
Compact Fluorescent, (8) 26W lamp

Compact Fluorescent, 2D, (1) 28W lamp

Compact Fluorescent, 2D, (1) 28W lamp
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Ballast
Mag-STD

Electronic
Mag-STD
Mag-STD
Mag-STD
Electronic
Electronic
Mag-STD
Electronic
Mag-STD
Electronic
Electronic
Electronic
Electronic
Electronic
Mag-STD

Electronic

Lamp/Fixture

1

1

Watt/Lamp Watt/Fixture

10

10

11

11

16

16

18

21

21

23

23

26

26

26

26

28

28

16

12

13

26

26

18

60

26

22

29

25

82

108

162

216

35

28



Fixture Code
CF32/3-L

CF32/4-L
CF32/6-L
CF32/8-L
CF38/2D
CF38/2D-L
CF42/1-L
CF42/2-L
CF42/3-L
CF42/4-L
CF42/6-L
CF42/8-L
CFQ10/1
CFQ13/1
CFQ13/1-L
CFQ13/2
CFQ13/2-L
CFQ13/3
CFQ15/1
CFQ17/1

CFQ17/2

Lamp Code
CF32W

CF32W
CF32W
CF32W
CFD38W
CFD38W
CF42W
CF42W
CF42W
CF42W
CF42W
CF42W
CFQ1ow
CFQ13W
CFQ13W
CFQ13W
CFQ13W
CFQ13W
CFQ15W
CFQ17W

CFQ17W

Description
Compact Fluorescent, (3) 32W lamp

Compact Fluorescent, (4) 32W lamp
Compact Fluorescent, (6) 32W lamp
Compact Fluorescent, (8) 32W lamp
Compact Fluorescent, 2D, (1) 38W lamp
Compact Fluorescent, 2D, (1) 38W lamp
Compact Fluorescent, (1) 42W lamp
Compact Fluorescent, (2) 42W lamp
Compact Fluorescent, (3) 42W lamp
Compact Fluorescent, (4) 42W lamp
Compact Fluorescent, (6) 42W lamp
Compact Fluorescent, (8) 42W lamp
Compact Fluorescent, quad, (1) 10W lamp
Compact Fluorescent, quad, (1) 13W lamp
Compact Fluorescent, quad, (1) 13W lamp, BF=1.05
Compact Fluorescent, quad, (2) 13W lamp
Compact Fluorescent, quad, (2) 13W lamp, BF=1.0
Compact Fluorescent, quad, (3) 13W lamp
Compact Fluorescent, quad, (1) 15W lamp
Compact Fluorescent, quad, (1) 17W lamp

Compact Fluorescent, quad, (2) 17W lamp
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Ballast

Electronic
Electronic
Electronic
Electronic
Mag-STD
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Mag-STD
Mag-STD
Electronic
Mag-STD
Electronic
Mag-STD
Mag-STD
Mag-STD

Mag-STD

Lamp/Fixture

3

4

32

32

32

32

38

38

42

42

42

42

42

42

10

13

13

13

13

13

15

17

17

Watt/Lamp Watt/Fixture

114

152

228

304

46

36

48

100

141

188

282

376

15

17

15

31

28

48

20

24

48



Fixture Code
CFQ18/1

CFQ18/1-L
CFQ18/2
CFQ18/2-L
CFQ18/4
CFQ20/1
CFQ20/2
CFQ22/1
CFQ22/2
CFQ22/3
CFQ25/1
CFQ25/2
CFQ26/1
CFQ26/1-L
CFQ26/2
CFQ26/2-L
CFQ26/3
CFQ26/6-L
CFQ28/1
CFQ9/1

CFQ9/2

Lamp Code
CFQ18W

CFQ18w
CFQ18w
CFQ18W
CFQ18W
CFQ20W
CFQ20w
CFQ22wW
CFQ22wW
CFQ22wW
CFQ25W
CFQ25W
CFQ26W
CFQ26W
CFQ26W
CFQ26W
CFQ26W
CFQ26W
CFQ28wW
CFQ9W

CFQ9W

Description
Compact Fluorescent, quad, (1) 18W lamp

Compact Fluorescent, quad, (1) 18W lamp, BF=1.0
Compact Fluorescent, quad, (2) 18W lamp
Compact Fluorescent, quad, (2) 18W lamp, BF=1.0
Compact Fluorescent, quad, (4) 18W lamp
Compact Fluorescent, quad, (1) 20W lamp
Compact Fluorescent, quad, (2) 20W lamp
Compact Fluorescent, quad, (1) 22W lamp
Compact Fluorescent, quad, (2) 22W lamp
Compact Fluorescent, quad, (3) 22W lamp
Compact Fluorescent, quad, (1) 25W lamp
Compact Fluorescent, quad, (2) 25W lamp
Compact Fluorescent, quad, (1) 26W lamp
Compact Fluorescent, quad, (1) 26W lamp, BF=0.95
Compact Fluorescent, quad, (2) 26W lamp
Compact Fluorescent, quad, (2) 26W lamp, BF=0.95
Compact Fluorescent, quad, (3) 26W lamp
Compact Fluorescent, quad, (6) 26W lamp, BF=0.95
Compact Fluorescent, quad, (1) 28W lamp
Compact Fluorescent, quad, (1) 9W lamp

Compact Fluorescent, quad, (2) 9W lamp
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Ballast
Mag-STD

Electronic
Mag-STD
Electronic
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Electronic
Mag-STD
Electronic
Mag-STD
Electronic
Mag-STD
Mag-STD

Mag-STD

Lamp/Fixture

1

1

Watt/Lamp Watt/Fixture

18

18

18

18

18

20

20

22

22

22

25

25

26

26

26

26

26

26

28

26

20

45

38

90

23

46

24

48

72

33

66

33

27

66

50

99

150

33

14

23



Fixture Code Lamp Code Description Ballast Lamp/Fixture = Watt/Lamp Watt/Fixture

CFS7/1 CFS7TW Compact Fluorescent, spiral, (1) 7W lamp Electronic 1 7 7
CFS9/1 CFSOwW Compact Fluorescent, spiral, (1) 9W lamp Electronic 1 9 9
CFsS11/1 CFS11W Compact Fluorescent, spiral, (1) 1T1TW lamp Electronic 1 11 11
CFS15/1 CFS15W Compact Fluorescent, spiral, (1) 15W lamp Electronic 1 15 15
CFS20/1 CFS20W Compact Fluorescent, spiral, (1) 20W lamp Electronic 1 20 20
CFS23/1 CFS23W Compact Fluorescent, spiral, (1) 23W lamp Electronic 1 23 23
CFS27/1 CFS27W Compact Fluorescent, spiral, (1) 27W lamp Electronic 1 27 27
CFT13/1 CFT13W Compact Fluorescent, twin, (1) 13W lamp Mag-STD 1 13 17
CFT13/2 CFT13W Compact Fluorescent, twin, (2) 13W lamp Mag-STD 2 13 31
CFT13/3 CFT13W Compact Fluorescent, twin, (3) 13 W lamp Mag-STD 3 13 48
CFT18/1 CFT18W Compact Fluorescent, long twin., (1) 18W lamp Mag-STD 1 18 24
CFT22/1 CFT22W Compact Fluorescent, twin, (1) 22W lamp Mag-STD 1 22 27
CFT22/2 CFT22W Compact Fluorescent, twin, (2) 22W lamp Mag-STD 2 22 54
CFT22/4 CFT22W Compact Fluorescent, twin, (4) 22W lamp Mag-STD 4 22 108
CFT24/1 CFT24W Compact Fluorescent, long twin, (1) 24W lamp Mag-STD 1 24 32
CFT28/1 CFT28W Compact Fluorescent, twin, (1) 28W lamp Mag-STD 1 28 33
CFT28/2 CFT28W Compact Fluorescent, twin, (2) 28W lamp Mag-STD 2 28 66
CFT32/1-L CFM32W Compact Fluorescent, twin or multi, (1) 32W lamp Electronic 1 32 34
CFT32/2-L CFM32W Compact Fluorescent, twin or multi, (2) 32W lamp Electronic 2 32 62
CFT32/6-L CFM32W Compact Fluorescent, twin or multi, (2) 32W lamp Electronic 6 32 186
CFT36/1 CFT36W Compact Fluorescent, long twin, (1) 36W lamp Mag-STD 1 36 51
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Fixture Code

CFT36/4-BX
CFT36/6-BX
CFT36/6-L

CFT36/6-L

CFT36/8-BX
CFT36/8-L

CFT36/8-L

CFT36/9-BX
CFT40/1
CFT40/12-BX
CFT40/1-BX
CFT40/1-L
CFT40/2
CFT40/2-BX
CFT40/2-L
CFT40/3
CFT40/3-BX
CFT40/3-L
CFT40/4-BX

CFT40/5-BX

Lamp Code
CFT36W

CFT36W
CFT36W

CFT36W

CFT36W
CFT36W

CFT36W

CFT36W
CFT40W
CFT40W
CFT40W
CFT40W
CFT40W
CFT40W
CFT40W
CFT40W
CFT40W
CFT40W
CFT40W

CFT40W

Description

Compact Fluorescent, Biax, (4) 36W lamp
Compact Fluorescent, Biax, (6) 36W lamp
Compact Fluorescent, long Twin, (6) 36W lamp

Compact Fluorescent, long Twin, (6) 36W lamp/
High Ballast Factor

Compact Fluorescent, Biax, (8) 36W lamp
Compact Fluorescent, long Twin, (8) 36W lamp

Compact Fluorescent, long Twin, (8) 36W lamp/
High Ballast Factor

Compact Fluorescent, Biax, (9) 36W lamp
Compact Fluorescent, twin, (1) 40W lamp
Compact Fluorescent, Biax, (12) 40W lamp
Compact Fluorescent, Biax, (1) 40W lamp
Compact Fluorescent, long twin, (1) 40W lamp
Compact Fluorescent, twin, (2) 40W lamp
Compact Fluorescent, Biax, (2) 40W lamp
Compact Fluorescent, long twin, (2) 40W lamp
Compact Fluorescent, twin, (3) 40 W lamp
Compact Fluorescent, Biax, (3) 40W lamp
Compact Fluorescent, long twin, (3) 40W lamp
Compact Fluorescent, Biax, (4) 40W lamp

Compact Fluorescent, Biax, (5) 40W lamp
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Ballast

Electronic
Electronic
Electronic

Electronic

Electronic
Electronic

Electronic

Electronic
Mag-STD
Electronic
Electronic
Electronic
Mag-STD
Electronic
Electronic
Mag-STD
Electronic
Electronic
Electronic

Electronic

Lamp/Fixture

4

6

36

36

36

36

36

36

36

36

40

40

40

40

40

40

40

40

40

40

40

40

Watt/Lamp Watt/Fixture

148

212

198

210

296

270

286

318

46

408

46

43

85

72

72

133

102

105

144

190



Fixture Code

CFT40/6-BX
CFT40/6-L

CFT40/6-L

CFT40/8-BX
CFT40/8-L

CFT40/8-L

CFT40/9-BX
CFT5/1
CFT5/2
CFT50/12-BX
CFT50/1-BX
CFT50/2-BX
CFT50/3-BX
CFT50/4-BX
CFT50/5-BX
CFT50/6-BX
CFT50/8-BX
CFT50/9-BX
CFT55/12-BX

CFT55/1-BX

Lamp Code
CFT40W

CFT40W

CFT40W

CFT40W
CFT40W

CFT40W

CFT40W
CFT5W
CFT5W

CFT50W

CFT50W

CFT50W

CFT50W

CFT50W

CFT50W

CFT50W

CFT50W

CFT50W

CFT55W

CFT55W

Description
Compact Fluorescent, Biax, (6) 40W lamp

Compact Fluorescent, long Twin, (6) 40W lamp

Compact Fluorescent, long Twin, (6) 40W lamp/
High Ballast Factor

Compact Fluorescent, Biax, (8) 40W lamp
Compact Fluorescent, long Twin, (8) 40W lamp

Compact Fluorescent, long Twin, (8) 40W lamp/
High Ballast Factor

Compact Fluorescent, Biax, (9) 40W lamp
Compact Fluorescent, twin, (1) 5W lamp
Compact Fluorescent, twin, (2) 5W lamp
Compact Fluorescent, Biax, (12) 50W lamp
Compact Fluorescent, Biax, (1) 50W lamp
Compact Fluorescent, Biax, (2) 50W lamp
Compact Fluorescent, Biax, (3) 50W lamp
Compact Fluorescent, Biax, (4) 50W lamp
Compact Fluorescent, Biax, (5) 50W lamp
Compact Fluorescent, Biax, (6) 50W lamp
Compact Fluorescent, Biax, (8) 50W lamp
Compact Fluorescent, Biax, (9) 50W lamp
Compact Fluorescent, Biax, (12) 55W lamp

Compact Fluorescent, Biax, (1) 55W lamp
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Ballast

Electronic
Electronic

Electronic

Electronic
Electronic

Electronic

Electronic
Mag-STD
Mag-STD
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic

Electronic

Lamp/Fixture

6

6

12

Watt/Lamp Watt/Fixture

40

40

40

40

40

40

40

50

50

50

50

50

50

50

50

50

55

55

204

220

233

288

300

340

306

9

18

648

54

108

162

216

270

324

432

486

672

56



Fixture Code Lamp Code Description Ballast Lamp/Fixture = Watt/Lamp Watt/Fixture

CFT55/2-BX CFT55W Compact Fluorescent, Biax, (2) 55W lamp Electronic 2 55 112
CFT55/3-BX CFT55W Compact Fluorescent, Biax, (3) 55W lamp Electronic 3 55 168
CFT55/4-BX CFT55W Compact Fluorescent, Biax, (4) 55W lamp Electronic 4 55 224
CFT55/5-BX CFT55W Compact Fluorescent, Biax, (5) 55W lamp Electronic 5 55 280
CFT55/6-BX CFT55W Compact Fluorescent, Biax, (6) 55W lamp Electronic 6 55 336
CFT55/6-L CFT55W Compact Fluorescent, long Twin, (6) 55W lamp Electronic 6 55 352
CFT55/6-L CFT55W Compact Fluorescent, long Twin, (6) 55W lamp/ Electronic 6 55 373
High Ballast Factor
CFT55/8-BX CFT55W Compact Fluorescent, Biax, (8) 55W lamp Electronic 8 55 448
CFT55/8-L CFT55W Compact Fluorescent, long Twin, (8) 55W lamp Electronic 8 55 468
CFT55/8-L CFT55W Compact Fluorescent, long Twin, (8) 55W lamp/ Electronic 8 55 496
High Ballast Factor
CFT55/9-BX CFT55W Compact Fluorescent, Biax, (9) 55W lamp Electronic 9 55 504
CFT7/1 CFT7W Compact Fluorescent, twin, (1) 7W lamp Mag-STD 1 7 10
CFT7/2 CFT7W Compact Fluorescent, twin, (2) 7W lamp Mag-STD 2 7 21
CFT9/1 CFTOW Compact Fluorescent, twin, (1) 9W lamp Mag-STD 1 9 11
CFT9/2 CFTOW Compact Fluorescent, twin, (2) 9W lamp Mag-STD 2 9 23
CFT9/3 CFTOW Compact Fluorescent, twin, (3) 9W lamp Mag-STD 3 9 34
1.51LS F15T8 Fluorescent, (1) 18" T8 lamp Mag-STD 1 15 19
F1.51SS F15T12 Fluorescent, (1) 18" T12 lamp Mag-STD 1 15 19
F1.52LS F15T8 Fluorescent, (2) 18" T8 lamp Mag-STD 2 15 36
F1.52SS F15T12 Fluorescent, (2) 18", T12 lamp Mag-STD 2 15 36
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Fixture Code
F21HS

F21ILL

F21ILL/T2

F21ILL/T2-R

F21ILL/T3

F21ILL/T3-R

F21ILL/T4

F21ILL/T4-R

F2TILX-R

F21ILX

F21LL

F21LL/T2

F21LL/T3

Lamp Code

F24T12/HO

F1778

F17T8

F17T8

F17T8

F1778

F1778

F1778

F1778

F1778

F1778

F1778

F1778

Description
Fluorescent, (1) 24", HO lamp

Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast,
RLO (BF<.85), Tandem 2 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 3 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast,
RLO (BF<.85), Tandem 3 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, Instant Start Ballast,
RLO (BF<.85), Tandem 4 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, HE Instant/Program
Start Ballast, RLO (BF<0.85)

Fluorescent, (1) 24", T-8 lamp, HE Instant/Program
Start Ballast, NLO (BF: .85- .95)

Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast,
NLO (BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast,
NLO (BF: .85-.95), Tandem 3 Lamp Ballast
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Ballast
Mag-STD

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/Fixture

1

35

17

17

17

17

17

17

17

17

17

17

17

17

Watt/Lamp Watt/Fixture

62

20

17

15

16

14

15

14

15

16

16

16

17



Fixture Code

F21LL/T4

F21LL-R

F21LS

F21GL

F21SE

F21SS

F21GHL

F22SHS

F22GHL

F22ILE

F22ILL

F22ILL/T4

F22ILL/T4-R

F22ILL-R

F22ILX-R

F22ILX

Lamp Code
F17T8

F17T8
F17T8
F24T5
F20T12
F20T12
F24T5/HO
F24T12/HO
F24T5/HO
F17T8
F17T8
F17T8
F17T8
F17T8
F17T8

F17T8

Description

Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast,
NLO (BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (1) 24", T-8 lamp, Rapid Start Ballast,
RLO (BF<0.85)

Fluorescent, (1) 24", T8 lamp, Standard Ballast
Fluorescent, (1) 24", STD T5 lamp
Fluorescent, (1) 24", STD lamp
Fluorescent, (1) 24", STD lamp
Fluorescent, (1) 24", STD HO T5 lamp
Fluorescent, (2) 24", HO lamp
Fluorescent, (2) 24", STD HO T5 lamp

Fluorescent, (2) 24", T-8 Instant Start lamp, Energy
Saving Magnetic Ballast

Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast,
RLO (BF<.85), Tandem 4 Lamp Ballast

Fluorescent, (2) 24", T-8 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (2) 24", T-8 lamp, HE Instant/Program
Start Ballast, RLO (BF<0.85)

Fluorescent, (2) 24", T-8 lamp, HE Instant/Program
Start
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Ballast

Electronic

Electronic

Mag-STD

Electronic

Mag-ES

Mag-STD

Electronic

Mag-STD

Electronic

Mag-ES

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/Fixture

1

Watt/Lamp Watt/Fixture

17

17

17

14

20

20

24

35

24

17

17

17

17

17

17

17

17

15

24

18

26

28

29

90

55

45

33

31

28

29

27

31



Fixture Code

F22LL

F22LL/T4

F22LL-R

F22GL

F22SE

F22SS

F23ILL

F23ILL-H

F23ILL-R

F23ILX

F23ILX-R

F23LL

F23LL-R

Lamp Code

F17T8
F17T8
F17T8
F24T5
F20T12
F20T12
F17T8
F17T8
F17T8
F17T8
F17T8
F17T8

F17T8

Description

Ballast, NLO (BF: .85- .95)

Fluorescent, (2) 24", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95)

Fluorescent, (2) 24", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 24", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)

Fluorescent, (2) 24", STD T5 lamp

Fluorescent, (2) 24", STD lamp

Fluorescent, (2) 24", STD lamp

Fluorescent, (3) 24", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (3) 24", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (3) 24", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (3) 24", T-8 lamp, HE Instant/Program Start
Ballast, NLO (BF: .85- .95)

Fluorescent, (3) 24", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (3) 24", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95)

Fluorescent, (3) 24", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)
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Ballast

Electronic

Electronic

Electronic

Electronic

Mag-ES

Mag-STD

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture

Watt/

Lamp

17

17

17

14

20

20

17

17

17

17

17

17

17

Watt/

Fixture

31

34

28

35

51

56

47

49

43

45

40

52

41



Fixture Code

F23SE

F23SS

F24ILL

F24ILL-R

F24ILX-R

F24LL

F24LL-R

F24SE

F24SS

F26SE

F26SS

F31EE

F31EE/T2

F31EL

F31ES

F31ES/T2

F31ILL

Lamp Code

F20T12
F20T12

F1778
F1778
F1778
F1778
F1778

F20T12
F20T12
F20T12
F20T12
F30T12/ES
F30T12/ES
F30T12/ES
F30T12/ES
F30T12/ES

F25T8

Description

Fluorescent, (3) 24", STD lamp
Fluorescent, (3) 24", STD lamp

Fluorescent, (4) 24", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (4) 24", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (4) 24", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (4) 24", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95)

Fluorescent, (4) 24", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)

Fluorescent, (4) 24", STD lamp
Fluorescent, (4) 24", STD lamp
Fluorescent, (6) 24", STD lamp
Fluorescent, (6) 24", STD lamp
Fluorescent, (1) 36", ES lamp
Fluorescent, (1) 36", ES lamp, Tandem wired
Fluorescent, (1) 36", ES lamp
Fluorescent, (1) 36", ES lamp
Fluorescent, (1) 36", ES lamp, Tandem wired

Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)
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Ballast

Mag-ES
Mag-STD
Electronic
Electronic
Electronic
Electronic
Electronic

Mag-ES
Mag-STD

Mag-ES
Mag-STD

Mag-ES

Mag-ES
Electronic
Mag-STD
Mag-STD

Electronic

Lamp/
Fixture
3

Watt/
Lamp
20

20

17
17
17
17
17

20
20
20
20
25
25
25
25
25

25

Watt/
Fixture

77

84

61

55

53

68

57

102

112

153

168

38

33

26

42

37

26



Fixture Code

F31ILL/T2

F31ILL/T2-H

F31ILL/T2-R

F31ILL/T3

F31ILL/T3-R

F31ILL/T4

F31ILL/T4-R

F31ILL-H

F31ILL-R

F31LL

F31LL/T2

F31LL/T3

F31LL/T4

Lamp Code Description Ballast Lamp/
Fixture
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO Electronic 1

(BF: .85-.95), Tandem 2 Lamp Ballast

F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, HLO Electronic 1
(BF:.96-1.1), Tandem 2 Lamp Ballast
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO Electronic 1
(BF: .85-.95), Tandem 2 Lamp Ballast
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO Electronic 1
(BF: .85-.95), Tandem 3 Lamp Ballast
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO Electronic 1
(BF<.85), Tandem 3 Lamp Ballast
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, NLO Electronic 1
(BF: .85-.95), Tandem 4 Lamp Ballast
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO Electronic 1
(BF<.85), Tandem 4 Lamp Ballast
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, HLO Electronic 1
(BF:.96-1.1)
F25T8 Fluorescent, (1) 36", T-8 lamp, Instant Start Ballast, RLO Electronic 1
(BF<0.85)
F25T8 Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: Electronic 1
.85-.95)
F25T8 Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: Electronic 1

.85-.95), Tandem 2 Lamp Ballast

F25T8 Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: Electronic 1
.85-.95), Tandem 3 Lamp Ballast

F25T8 Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, NLO (BF: Electronic 1
.85-.95), Tandem 4 Lamp Ballast
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Watt/
Lamp
25

25

25

25

25

25

25

25

25

25

25

25

25

Watt/
Fixture

23

24

23

22

22

22

22

28

27

24

23

24

22



Fixture Code

F31LL-H

F31LL-R

F31ILX-R

F31SE/T2

F31GHL

F31SHS

F31SL

F31GL

F31SS

F31SS/T2

F32EE

F32EL

F32ES

F32ILL

F32ILL/T4

F32ILL/T4-R

F32ILL-H

Lamp Code

F25T8
F25T8
F25T8

F30T12
F36T5/HO
F36T12/HO
F30T12
F36T5
F30T12
F30T12
F30T12/ES
F30T12/ES
F30T12/ES

F25T8
F25T8
F25T8

F25T8

Description

Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (1) 36", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)

Fluorescent, (1) 36", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (1) 36", STD lamp, Tandem wired
Fluorescent, (1) 36", STD HO T5 lamp
Fluorescent, (1) 36", HO lamp
Fluorescent, (1) 36", STD lamp
Fluorescent, (1) 36", STD T5 lamp
Fluorescent, (1) 36", STD lamp
Fluorescent, (1) 36", STD lamp, Tandem wired
Fluorescent, (2) 36", ES lamp
Fluorescent, (2) 36", ES lamp
Fluorescent, (2) 36", ES lamp

Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, RLO
(BF<.85), Tandem 4 Lamp Ballast

Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, HLO
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Ballast

Electronic
Electronic
Electronic
Mag-ES
Electronic
Mag-STD
Electronic
Electronic
Mag-STD
Mag-STD
Mag-ES
Electronic
Mag-STD

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture
1

Watt/
Lamp
25

25
25

30
39
50
30
21
30
30
25
25
25

25
25
25

25

Watt/
Fixture

26

23

21

37

43

70

31

27

46

41

66

50

73

46

44

43

48



Fixture Code

F32ILL-R

F32ILX-R

F32LE

F32LL

F32LL/T4

F32LL-H

F32LL-R

F32LL-V

F32SE

F32GHL

F32SHS

F32SL

F32GL

F32SS

F33ES

Lamp Code

F25T8
F25T8

F25T8

F25T8
F25T8
F25T8
F25T8
F25T8

F30T12
F36T5/HO
F36T12/HO
F30T12
F36T5
F30T12

F30T12/ES

Description

(BF:..96-1.1)

Fluorescent, (2) 36", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (2) 36", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (2) 36", T-8 lamp

Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95)

Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)

Fluorescent, (2) 36", T-8 lamp, Rapid Start Ballast, VHLO
(BF>1.1)

Fluorescent, (2) 36", STD lamp
Fluorescent, (1) 36", STD HO T5 lamp
Fluorescent, (2) 36", HO, lamp
Fluorescent, (2) 36", STD lamp
Fluorescent, (1) 36", STD T5 lamp
Fluorescent, (2) 36", STD lamp

Fluorescent, (3) 36", ES lamp

56

Ballast

Electronic

Electronic

Mag-ES

Electronic

Electronic

Electronic

Electronic

Electronic

Mag-ES
Electronic
Mag-STD
Electronic
Electronic
Mag-STD

Mag-STD

Lamp/
Fixture

Watt/
Lamp
25
25

25

25
25
25
25
25

30
39
50
30
21
30

25

Watt/

Fixture

46

39

65

46

45

50

42

70

74
85
114
58
52
81

115



Fixture Code

F33ILL

F33ILL-R

F33LL

F33LL-R

F33SE

F33SS

F34ILL

F34ILL-R

F34LL

F34LL-R

F34SE

F34SL

F34SS

F36EE

F36ILL-R

Lamp Code

F25T8
F25T8
F25T8
F25T8
F30T12
F30T12
F25T8
F25T8
F25T8
F25T8
F30T12
F30T12
F30T12
F30T12/ES

F25T8

Description

Fluorescent, (3) 36", T-8 lamp, Instant Start Ballast, NLO

(BF: .85-.95)
Fluorescent, (3) 36", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)
Fluorescent, (3) 36", T-8 lamp, Rapid Start Ballast, NLO (BF:
.85-.95)
Fluorescent, (3) 36", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)
Fluorescent, (3) 36", STD lamp, (1) STD ballast and (1) ES
ballast

Fluorescent, (3) 36", STD lamp

Fluorescent, (4) 36", T-8 lamp, Instant Start Ballast, NLO

(BF: .85-.95)
Fluorescent, (4) 36", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)
Fluorescent, (4) 36", T-8 lamp, Rapid Start Ballast, NLO (BF:
.85-.95)
Fluorescent, (4) 36", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)

Fluorescent, (4) 36", STD lamp

Fluorescent, (4) 36", STD lamp

Fluorescent, (4) 36", STD lamp

Fluorescent, (6) 36", ES lamp

Fluorescent, (6) 36", T-8 lamp, Instant Start Ballast, RLO
(BF<.85)

57

Ballast

Electronic

Electronic

Electronic

Electronic

Mag-ES

Mag-STD

Electronic

Electronic

Electronic

Electronic

Mag-ES

Electronic

Mag-STD

Mag-ES

Electronic

Lamp/
Fixture
3

Watt/
Lamp
25

25
25
25
30
30
25
25
25
25
30
30
30
25

25

Watt/
Fixture

67

66

72

62

120

127

87

86

89

84

148

116

162

198

134



Fixture Code

F36SE

F40EE/D1

F40EE/D2

F41EE

F41EE/D2

F41EE/T2

F41EHS

F41EIS

F41EL

F41EL/T2

F41ES

F41EVS

F41IAL

F411AL/T2-R

FA1IAL/T3-R

F41ILL

Lamp Code

F30T12
None
None

F40T12/ES
F40T12/ES
F40T12/ES
F48T12/HO/ES
F48T12/ES
F40T12/ES
F40T12/ES
F40T12/ES
F48T12/VHO/ES
F25T12
F25T12
F25T12

F32T8

Description

Fluorescent, (6) 36", STD lamp

Fluorescent, (0) 48" lamp, Completely delamped fixture
with (1) hot ballast

Fluorescent, (0) 48" lamp, Completely delamped fixture
with (2) hot ballast

Fluorescent, (1) 48", ES lamp
Fluorescent, (1) 48", ES lamp, 2 ballast

Fluorescent, (1) 48", ES lamp, tandem wired, 2-lamp
ballast

Fluorescent, (1) 48", ES HO lamp
Fluorescent, (1) 48" ES Instant Start lamp. Magnetic ballast
Fluorescent, (1) 48", T12 ES lamp, Electronic Ballast

Fluorescent, (1) 48", T-12 ES lamp, Rapid Start Ballast,
NLO (BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", ES lamp
Fluorescent, (1) 48", VHO ES lamp
Fluorescent, (1) 48", F25T12 lamp, Instant Start Ballast

Fluorescent, (1) 48", F25T12 lamp, Instant Start, Tandem 2-
Lamp Ballast, RLO (BF<0.85)

Fluorescent, (1) 48", F25T12 lamp, Instant Start, Tandem 3-
Lamp Ballast, RLO (BF<0.85)

Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)
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Ballast

Mag-ES

Mag-ES

Mag-ES

Mag-ES

Mag-ES

Mag-ES

Mag-STD

Mag-STD

Electronic

Electronic

Mag-STD

Mag-STD

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture

6

Watt/
Lamp

30

34

34

34

55

30

34

34

34

123

25

25

25

32

Watt/
Fixture

238

43

43

36

80

51

32

32

50

25

19

20

31



Fixture Code

F41SILL

F41SILL/T2

F41SILL/T3

F41SILL/T4

F41SILL-R

F41SILL/T2-R

F41SILL/T3-R

F41SILL/T4-R

F41SILL-H

FA1SILL/T2-H

F41SILL/T3-H

F41SSILL

F41SSILL/T2

Lamp Code

F30T8

F30T8

F30T8

F30T8

F30T8

F30T8

F30T8

F30T8

F30T8

F30T8

F30T8

F28T8

F28T8

Description
Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO
(BF<0.85), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO
(BF<0.85), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO
(BF<0.85), Tandem 4 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-1.1)

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-1.1), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-1.1), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 2 Lamp Ballast

59

Ballast

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture
1

Watt/
Lamp
30

30

30

30

30

30

30

30

30

30

30

28

28

Watt/
Fixture

28

27

27

26

25

24

24

23

37

36

36

26

25



Fixture Code

F41SSILL/T3

F41SSILL/T4

F41SSILL-R

F41SSILL/T2-R

F41SSILL/T3-R

F41SSILL/T4-R

F41SSILL-H

F41SSILL/T2-H

F41SSILL/T3-H

F41ILL/T2

F41ILL/T2-H

F41ILL/T2-R

F41ILL/T3

Lamp Code

F28T8

F28T8

F28T8

F28T8

F28T8

F28T8

F28T8

F28T8

F28T8

F32T8

F32T8

F32T8

F32T8

Description Ballast Lamp/
Fixture
Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, Electronic 1

NLO (BF: .85-.95), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, Electronic 1
NLO (BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, Electronic 1
RLO (BF<0.85)

Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO Electronic 1
(BF<0.85), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO Electronic 1
(BF<0.85), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, IS Ballast, RLO Electronic 1
(BF<0.85), Tandem 4 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, Electronic 1
HLO (BF:.96-1.1)

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, Electronic 1
HLO (BF:.96-1.1), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", Super T-8 lamp, Instant Start Ballast, Electronic 1
HLO (BF:.96-1.1), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO Electronic 1
(BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, HLO Electronic 1
(BF:.96-1.1), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, IS Ballast, RLO (BF<0.85), Electronic 1
Tandem 2 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO Electronic 1
(BF: .85-.95), Tandem 3 Lamp Ballast
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Watt/
Lamp
28

28

28

28

28

28

28

28

28

32

32

32

32

Watt/
Fixture

25

24

23

22

22

21

33

32

32

30

33

26

30



Fixture Code

F41ILL/T3-H

F41ILL/T3-R

F41ILL/T4

F41ILL/T4-R

F41ILL-H

F41ILX-H

F4TILX-R

F41LE

F41LL

F41LL/T2

F41LL/T2-H

F41LL/T2-R

F41LL/T3

Lamp Code

F32T8

F32T8

F32T8

F32T8

F3278

F3278

F3278

F32T8

F32T8

F32T8

F32T8

F32T8

F32T8

Description
Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, IS Ballast, RLO (BF<0.85),
Tandem 3 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, IS Ballast, RLO (BF<0.85),
Tandem 4 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (1) 48", T-8 lamp, HE Instant/Program Start
Ballast, HLO (BF:.96- 1.1)

Fluorescent, (1) 48", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (1) 48", T-8 lamp

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95)

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, HLO
(BF:.96-1.1), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85), Tandem 2 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95), Tandem 3 Lamp Ballast

61

Ballast

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Mag-ES

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture
1

Watt/
Lamp
32

32

32

32

32

32

32

32

32

32

32

32

32

Watt/
Fixture

31

26

28

26

36

35

25

35

32

30

39

27

31



Fixture Code

F41LL/T3-H

F41LL/T3-R

F41LL/T4

FA1LL/T4-R

FA1LL-H

F41LL-R

F41SE

F41GHL

F41SHS

F41SIL

F41SIL/T2

F41SIS

F41SIS/T2

F41GL

F41SL/T2

Lamp Code
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F40T12

F48T5/HO
F48T12/HO
FA8T12
FA8T12
FA8T12
F48T12
F48T5

F40T12

Description

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, HLO
(BF:.96-1.1), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85), Tandem 3 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95), Tandem 4 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85), Tandem 4 Lamp Ballast

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (1) 48", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)

Fluorescent, (1) 48", STD lamp
Fluorescent, (1) 48", STD HO T5 lamp
Fluorescent, (1) 48", STD HO lamp
Fluorescent, (1) 48", STD IS lamp, Electronic ballast
Fluorescent, (1) 48", STD IS lamp, Electronic ballast,
tandem wired
Fluorescent, (1) 48", STD IS lamp
Fluorescent, (1) 48", STD IS lamp, tandem to 2-lamp
ballast

Fluorescent, (1) 48", STD T5 lamp

Fluorescent, (1) 48", T-12 STD lamp, Rapid Start Ballast,
NLO (BF: .85-.95), Tandem 2 Lamp Ballast

62

Ballast

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Mag-ES

Electronic

Mag-STD

Electronic

Electronic

Mag-STD

Mag-STD

Electronic

Electronic

Lamp/
Fixture
1

Watt/
Lamp
32
32
32
32
32
32
40
54
60
39
39
39
39

28

40

Watt/

Fixture

33

25

30

26

39

27

50

59

85

46

37

60

52

32

36



Fixture Code

F41SS

F41SVS

F41TS

FA2EE

F42EE/D2

F42EHS

F42EIS

F42EL

F42ES

F42EVS

F42IAL/T4-R

F421AL-R

F42ILL

F42SILL

F41SILL/T4

F42SILL-R

Lamp Code

F40T12
F48T12/VHO
F40T10
F40T12/ES
F40T12/ES
FA8T12/HO/ES
F48T12/ES
F40T12/ES
F40T12/ES
F48T12/VHO/ES
F25T12
F25T12
F3278
F30T8
F30T8

F30T8

Description

Fluorescent, (1) 48", STD lamp
Fluorescent, (1) 48", STD VHO lamp
Fluorescent, (1) 48", T-10 lamp
Fluorescent, (2) 48", ES lamp
Fluorescent, (2) 48", ES lamp, 2 Ballasts (delamped)
Fluorescent, (2) 42", HO lamp (3.5' lamp)
Fluorescent, (2) 48" ES Instant Start lamp. Magnetic ballast
Fluorescent, (2) 48", T12 ES lamps, Electronic Ballast
Fluorescent, (2) 48", ES lamp
Fluorescent, (2) 48", VHO ES lamp

Fluorescent, (2) 48", F25T12 lamp, Instant Start, Tandem 4-
Lamp Ballast, RLO (BF<0.85)

Fluorescent, (2) 48", F25T12 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
RLO (BF<0.85)
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Ballast

Mag-STD

Mag-STD

Mag-STD

Mag-ES

Mag-ES

Mag-STD

Mag-STD

Electronic

Mag-STD

Mag-STD

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture

1

Watt/
Lamp

40

110

40

34

34

55

30

34

34

210

25

25

32

30

30

30

Watt/
Fixture

57

135

51

72

76

135

82

60

80

40

39

59

53

52

47



Fixture Code

F41SILL/T4-R

F42SILL-H

F42SSILL

F41SSILL/T4

F42SSILL-R

F41SSILL/T4-R

F42SSILL-H

F42ILL/T4

F42ILL/T4-R

F42ILL-H

F42ILL-R

F42ILL-V

F42ILX-H

Lamp Code

F30T8

F30T8

F28T8

F28T8

F28T8

F28T8

F28T8

F32T8

F32T8

F32T8

F32T8

F32T8

F32T8

Description
Fluorescent, (2) 48", Super T-8 lamp, IS Ballast, RLO
(BF<0.85), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-2.2)

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (2) 48", Super T-8 lamp, IS Ballast, RLO
(BF<0.85), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-2.2)

Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (2) 48", T-8 lamp, Instant Start Ballast, VHLO
(BF>1.1)

Fluorescent, (2) 48", T-8 lamp, HE Instant/Program Start
Ballast, HLO (BF:.96- 1.1)
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Ballast

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture
2

Watt/
Lamp
30

30

28

28

28

28

28

32

32

32

32

32

32

Watt/
Fixture

46

72

48

47

45

44

67

56

51

65

52

79

63



Fixture Code

F42ILX-R

F42ILX-V

F42LE

F42LL

FA2LL/T4

F42LL/T4-R

F42LL-H

F42LL-R

F42LL-V

F42SE

F42GHL

F42SHS

F42SIL

F42SIS

F42GL

F42SS

Lamp Code

F3278
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F40T12
F48T5/HO
F48T12/HO
F48T12
F48T12
F48T5

F40T12

Description

Fluorescent, (2) 48", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (2) 48", T-8 lamp, HE Instant/Program Start
Ballast, VHLO (BF>1.1)

Fluorescent, (2) 48", T-8 lamp

Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95)

Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85), Tandem 4 Lamp Ballast

Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)

Fluorescent, (2) 48", T-8 lamp, Rapid Start Ballast, VHLO
(BF>1.1)
Fluorescent, (2) 48", STD lamp
Fluorescent, (2) 48", STD HO T5 lamp
Fluorescent, (2) 48", STD HO lamp
Fluorescent, (2) 48", STD IS lamp, Electronic ballast
Fluorescent, (2) 48", STD IS lamp

Fluorescent, (2) 48", STD T5 lamp

Fluorescent, (2) 48", STD lamp

65

Ballast

Electronic

Electronic

Mag-ES

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Mag-ES

Electronic

Mag-STD

Electronic

Mag-STD

Electronic

Mag-STD

Lamp/
Fixture
2

Watt/
Lamp
32

32
32
32
32
32
32
32
32
40
54
60
39
39
28

40

Watt/
Fixture

48

74

71

60

59

53

70

54

85

86

117

145

74

103

63

94



Fixture Code

F42SVS

FA3EE

FA3EHS

FA3EIS

F43EL

FA43ES

FA3EVS

F43IAL-R

F43ILL

F43SILL

F43SILL-R

F43SILL-H

F43SSILL

F43SSILL-R

F43SSILL-H

Lamp Code

F48T12/VHO
F40T12/ES
F48T12/HO/ES
FA8T12/ES
F40T12/ES
F40T12/ES
F48T12/VHO/ES
F25T12
F32T8
F30T8
F30T8
F30T8
F28T8
F28T8

F28T8

Description

Fluorescent, (2) 48", STD VHO lamp

Fluorescent, (3) 48", ES lamp
Fluorescent, (3) 48", ES HO lamp (3.5' lamp)
Fluorescent, (3) 48" ES Instant Start lamp. Magnetic ballast
Fluorescent, (3) 48", T12 ES lamps, Electronic Ballast

Fluorescent, (3) 48", ES lamp

Fluorescent, (3) 48", VHO ES lamp

Fluorescent, (3) 48", F25T12 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-3.3)

Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (3) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-3.3)
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Ballast

Mag-STD

Mag-ES

Mag-STD

Mag-STD

Electronic

Mag-STD

Mag-STD

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture
2

Watt/
Lamp
110

34
55
30
34
34

333
25
32
30
30
30
28
28

28

Watt/
Fixture

242

115

215

133

92

130

60

89

78

70

105

72

66

98



Fixture Code

F43ILL/2

FA3ILL-H

FA3ILL-R

FA3ILL-V

F43ILX-H

F43ILX-R

F43ILX-R/2

F43LE

F43LL

F43LL/2

F43LL-H

F43LL-R

F43SE

FA3GHL

Lamp Code
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F32T8
F40T12

F48T5/HO

Description

Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), (2) ballast

Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (3) 48", T-8 lamp, Instant Start Ballast, VHLO
(BF>1.1)

Fluorescent, (3) 48", T-8 lamp, HE Instant/Program Start
Ballast, HLO (BF:.96- 1.1)

Fluorescent, (3) 48", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (3) 48", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85), (2) ballast

Fluorescent, (3) 48", T-8 lamp

Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95)

Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, NLO (BF:

.85-.95), (2) ballast

Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (3) 48", T-8 lamp, Rapid Start Ballast, RLO
(BF<0.85)
Fluorescent, (3) 48", STD lamp

Fluorescent, (3) 48", STD HO T5 lamp

67

Ballast

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Mag-ES

Electronic

Electronic

Electronic

Electronic

Mag-ES

Electronic

Lamp/
Fixture
3

Watt/
Lamp
32
32
32
32
32
32
32
32
32
32
32
32

40

54

Watt/

Fixture

90

93

78

112

90

73

73

110

93

92

98

76

136

177



Fixture Code

F43SHS

F43SIL

F43SIS

F43SS

F43SVS

FAAEE

FA4EE/D4

F44EHS

F44EIS

FA4EL

F44ES

F44EVS

F441AL-R

F441LL

F44SILL

F44SILL-R

F44SILL-H

Lamp Code

F48T12/HO
F40T12
F48T12
F40T12

F48T12/VHO
F40T12/ES
F40T12/ES

F48T12/HO/ES
F48T12/ES
F40T12/ES
F40T12/ES
F48T12/VHO/ES

F25T12
F3278
F30T8
F30T8

F30T8

Description

Fluorescent, (3) 48", STD HO lamp
Fluorescent, (3) 48", STD IS lamp, Electronic ballast
Fluorescent, (3) 48", STD IS lamp
Fluorescent, (3) 48", STD lamp
Fluorescent, (3) 48", STD VHO lamp
Fluorescent, (4) 48", ES lamp
Fluorescent, (4) 48", ES lamp, 4 Ballasts (delamped)
Fluorescent, (4) 48", ES HO lamp
Fluorescent, (4) 48" ES Instant Start lamp, Magnetic ballast
Fluorescent, (4) 48", T12 ES lamp, Electronic Ballast
Fluorescent, (4) 48", ES lamp
Fluorescent, (4) 48", VHO ES lamp

Fluorescent, (4) 48", F25T12 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (4) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast,
NLO (BF: .85-.95)

Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast,
RLO (BF<0.85)

Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast,
HLO (BF:.96-4.4)

68

Ballast

Mag-STD
Electronic
Mag-STD
Mag-STD
Mag-STD
Mag-ES
Mag-ES
Mag-STD
Mag-STD
Electronic
Mag-STD
Mag-STD
Electronic
Electronic
Electronic

Electronic

Electronic

Lamp/
Fixture
3

Watt/
Lamp
60

39
39
40
110
34
34
55
30
34
34
420

25
32
30
30

30

Watt/
Fixture

230

120

162

151

377

144

152

270

164

120

160

80

112

105

91

140



Fixture Code Lamp Code Description Ballast Lamp/  Watt/ Watt/
Fixture Lamp Fixture

F44SSILL F28T8 Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, Electronic 4 28 96
NLO (BF: .85-.95)
F44SSILL-R F28T8 Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, Electronic 4 28 86
RLO (BF<0.85)
F44SSILL-H F28T8 Fluorescent, (4) 48", Super T-8 lamp, Instant Start Ballast, Electronic 4 28 131
HLO (BF:.96-4.4)
F44ILL/2 F32T8 Fluorescent, (4) 48", T-8 lamp, Instant Start Ballast, NLO Electronic 4 32 118
(BF: .85-.95), (2) ballast
F44ILL-R F32T8 Fluorescent, (4) 48", T-8 lamp, Instant Start Ballast, RLO Electronic 4 32 102
(BF<0.85)
F44ILX-R F32T8 Fluorescent, (4) 48", T-8 lamp, HE Instant/Program Start Electronic 4 32 96
Ballast, RLO (BF<0.85)
F44ILX-R/2 F32T8 Fluorescent, (4) 48", T-8 lamp, HE Instant/Program Start Electronic 4 32 96
Ballast, RLO (BF<0.85), (2) ballast
F44LE F32T8 Fluorescent, (4) 48", T-8 lamp Mag-ES 4 32 142
F44LL F32T8 Fluorescent, (4) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: Electronic 4 32 118
.85-.95)
F44LL/2 F32T8 Fluorescent, (4) 48", T-8 lamp, Rapid Start Ballast, NLO (BF: Electronic 4 32 120
.85-.95), (2) ballast
F44LL-R F32T8 Fluorescent, (4) 48", T-8 lamp, Rapid Start Ballast, RLO Electronic 4 32 105
(BF<0.85)
F44SE F40T12 Fluorescent, (4) 48", STD lamp Mag-ES 4 40 172
F44GHL F48T5/HO Fluorescent, (4) 48", STD HO T5 lamp Electronic 4 54 234
F44SHS F48T12/HO Fluorescent, (4) 48", STD HO lamp Mag-STD 4 60 290
F44SIL F48T12 Fluorescent, (4) 48", STD IS lamp, Electronic ballast Electronic 4 39 148

69



Fixture Code

F44SIS
F44SS
F44SVS

FASILL

F45GHL
F46EE
F46EL
F46ES

F46ILL

F46ILL-R

F461LX-R

F46LL
F46GHL
F46SE
F46SS
F48EE

F48ILL

F48ILL-R

Lamp Code

F48T12
F40T12
F48T12/VHO

F32T8

F48T5/HO
F40T12/ES
F40T12/ES
F40T12/ES

F32T8
F32T8
F3278

F32T8
F48T5/HO
F40T12
F40T12
F40T12/ES

F32T8

F32T8

Description

Fluorescent, (4) 48", STD IS lamp
Fluorescent, (4) 48", STD lamp
Fluorescent, (4) 48", STD VHO lamp

Fluorescent, (5) 48", T-8 lamp, (1) 3-lamp IS ballast and
(1) 2-lamp IS ballast, NLO (BF: .85-.95)
Fluorescent, (5) 48", STD HO T5 lamp

Fluorescent, (6) 48", ES lamp
Fluorescent, (6) 48", ES lamp
Fluorescent, (6) 48", ES lamp

Fluorescent, (6) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (6) 48", T-8 lamp, Instant Start Ballast, RLO
(BF< .85)

Fluorescent, (6) 48", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF< .85)

Fluorescent, (6) 48", T-8 lamp, NLO (BF: .85- .95)
Fluorescent, (6) 48", STD HO T5 lamp
Fluorescent, (6) 48", STD lamp
Fluorescent, (6) 48", STD lamp
Fluorescent, (8) 48", ES lamp

Fluorescent, (8) 48", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (8) 48", T-8 lamp, Instant Start Ballast, RLO

70

Ballast

Mag-STD
Mag-STD
Mag-STD

Electronic

Electronic
Mag-ES
Electronic
Mag-STD

Electronic

Electronic

Electronic

Electronic
Electronic
Mag-ES
Mag-STD
Mag-ES

Electronic

Electronic

Lamp/
Fixture
4

4

Watt/
Lamp
39

40
110

32

54
34
34
34

32
32
32

32
54
40
40
34

32

32

Watt/
Fixture

204
188
484

148

294
216
186
236

175

156

146

182
351
258
282
288

224

204



Fixture Code

F48ILX-R

F48GHL

F51ILHL

F51ILL

F51ILL/T2

F51ILL/T3

F51ILL/T4

F51ILL-R

F51SHE

F51SHL

F51GHL

F51SHS

F51SL

F51GL

F51SS

F51SVS

Lamp Code

F32T8

F48T5/HO
F60T12/HO

F40T8
F40T8
F40T8
F40T8
F40T8

F60T12/HO
F60T12/HO
F60T5/HO
F60T12/HO
F60T12
F60T5
F60T12

F60T12/VHO

Description
(BF<0.85)

Fluorescent, (8) 48", T-8 lamp, HE Instant/Program Start
Ballast, RLO (BF<0.85)

Fluorescent, (8) 48", STD HO T5 lamp
Fluorescent, (1) 60", T-8 HO lamp, Instant Start Ballast

Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 3 Lamp Ballast

Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 4 Lamp Ballast

Fluorescent, (1) 60", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (1) 60", STD HO lamp
Fluorescent, (1) 60", STD HO lamp
Fluorescent, (1) 60", STD HO T5 lamp
Fluorescent, (1) 60", STD HO lamp
Fluorescent, (1) 60", STD lamp
Fluorescent, (1) 60", STD T5 lamp
Fluorescent, (1) 60", STD lamp

Fluorescent, (1) 60", VHO ES lamp

71

Ballast

Electronic
Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Mag-ES
Electronic
Electronic
Mag-STD
Electronic
Electronic
Mag-STD

Mag-STD

Lamp/Fixture = Watt/Lamp Watt/Fixture

8 32
8 54
1 55
1 40
1 40
1 40
1 40
1 40
1 75
1 75
1 80
1 75
1 50
1 35
1 50
1 135

192

468

59

36

36

35

34

43

88

69

89

92

39

63

165



Fixture Code

F52ILHL

F52ILL

F52ILL/T4

F52ILL-H

F52ILL-R

F52SHE

F52SHL

F52GHL

F52SHS

F52SL

F52GL

F52SS

F52SVS

F53ILL

F53ILL-H

F54ILL

Lamp Code

F60T12/HO

F40T8
F40T8
F40T8
F40T8

F60T12/HO
F60T12/HO
F60T5/HO
F60T12/HO
F60T12
F60T5
F60T12
F60T12/VHO

F40T8
F40T8

F40T8

Description

Fluorescent, (2) 60", T-8 HO lamp, Instant Start Ballast

Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (2) 60", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (2) 60", STD HO lamp
Fluorescent, (2) 60", STD HO lamp
Fluorescent, (2) 60", STD HO T5 lamp
Fluorescent, (2) 60", STD HO lamp
Fluorescent, (2) 60", STD lamp
Fluorescent, (2) 60", STD T5 lamp
Fluorescent, (2) 60", STD lamp
Fluorescent, (2) 60", VHO ES lamp

Fluorescent, (3) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (3) 60", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (4) 60", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)
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Ballast

Electronic

Electronic

Electronic

Electronic

Electronic

Mag-ES
Electronic
Electronic
Mag-STD
Electronic
Electronic
Mag-STD
Mag-STD

Electronic

Electronic

Electronic

Lamp/
Fixture

2

Watt/
Lamp

55

40

40

40

40

75

75

49

75

50

35

50

135

40

40

40

Watt/
Fixture

123

72

67

80

73

176
138
106
168

88

76
128
310

106

108

134



Fixture Code

F54ILL-H

F61ISL
F61SE
F61SHS
F61SS
F61SVS
F62ILHL
F62ISL
F62SE
F62SHE
F62SHS
F62SL
F62SS
F62SVS
F63ISL
F63SS
F64ISL
F64SE
F64SHE

F64SS

Lamp Code
F40T8

F72T12
F72T12
F72T12/HO
F72T12
F72T12/VHO
F72T8
F72T12
F72T12
F72T12/HO
F72T12/HO
F72T12
F72T12
F72T12/VHO
F72T12
F72T12
F72T12
F72T12
F72T12/HO

F72T12

Description

Fluorescent, (4) 60", T-8 lamp, Instant Start Ballast, HLO

(BF:.96-1.1)

Fluorescent, (1) 72", STD lamp, IS electronic ballast
Fluorescent, (1) 72", STD lamp
Fluorescent, (1) 72", STD HO lamp
Fluorescent, (1) 72", STD lamp

Fluorescent, (1) 72", VHO lamp

Fluorescent, (2) 72", T-8 HO lamp, Instant Start Ballast

Fluorescent, (2) 72", STD lamp, IS electronic ballast
Fluorescent, (2) 72", STD lamp
Fluorescent, (2) 72", STD HO lamp
Fluorescent, (2) 72", STD HO lamp
Fluorescent, (2) 72", STD lamp
Fluorescent, (2) 72", STD lamp
Fluorescent, (2) 72", VHO lamp
Fluorescent, (3) 72", STD lamp, IS electronic ballast
Fluorescent, (3) 72", STD lamp
Fluorescent, (4) 72", STD lamp, IS electronic ballast
Fluorescent, (4) 72", STD lamp
Fluorescent, (4) 72", STD HO lamp

Fluorescent, (4) 72", STD lamp

73

Ballast

Electronic

Electronic
Mag-ES
Mag-STD
Mag-STD
Mag-STD
Electronic
Electronic
Mag-ES
Mag-ES
Mag-STD
Electronic
Mag-STD
Mag-STD
Electronic
Mag-STD
Electronic
Mag-ES
Mag-ES

Mag-STD

Lamp/Fixture
4 40
1 55
1 55
1 85
1 55
1 160
2 65
2 55
2 55
2 85
2 85
2 55
2 55
2 160
3 55
3 55
4 55
4 55
4 85
4 55

Watt/Lamp Watt/Fixture

126

68

76

120

90

180

147

108

122

194

220

108

145

330

176

202

216

230

388

244



Fixture Code

F81EE/T2

F81EHL

F81EHL/T2

F81EHS

F81EL

F81EL/T2

F81ES

F81ES/T2

F81EVS

F81ILL

F81ILL/T2

F81ILL/T2-R

F81ILL-H

F8TILL-R

F81ILL-V

F81LHL

Lamp Code

F96T12/ES
F96T12/HO/ES

F96T12/HO/ES

F96T12/HO/ES
F96T12/ES

F96T12/ES

F96T12/ES
F96T12/ES
F96T12/VHO/ES

F96T8
F96T8
F96T8
F96T8
F96T8
F96T8

F96T8/HO

Description

Fluorescent, (1) 96", ES lamp, tandem to 2- lamp ballast
Fluorescent, (1) 96", ES HO lamp

Fluorescent, (1) 96", ES HO lamp, Rapid Start Ballast, NLO
(BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 96", ES HO lamp
Fluorescent, (1) 96", ES lamp

Fluorescent, (1) 96", ES lamp, Rapid Start Ballast, NLO (BF:
.85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 96", ES lamp
Fluorescent, (1) 96", ES lamp, tandem to 2- lamp ballast
Fluorescent, (1) 96", ES VHO lamp

Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, RLO
(BF<.85), Tandem 2 Lamp Ballast

Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, HLO
(BF:.96-1.1)

Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (1) 96", T-8 lamp, Instant Start Ballast, VHLO
(BF>1.1)

Fluorescent, (1) 96", T8 HO lamp

74

Ballast

Mag-ES
Electronic

Electronic

Mag-STD
Electronic

Electronic

Mag-STD
Mag-STD
Mag-STD

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Electronic

Lamp/
Fixture

1

Watt/
Lamp

60

95

95

95

60

60

60

60

185

59

59

59

59

59

59

86

Watt/
Fixture

62
80

85

125
60

55

83
64
200

58

55

49

68

57

71

85



Fixture Code

F81LHL/T2

F81SE
F81EHS
F81SHE

F81SHL/T2

F81SHS

F81SL

F81SL/T2

F81SS
F81SVS
F82EE
F82EHE
F82EHL
F82EHS
F82EL
F82ES
F82EVS

F82ILL

Lamp Code

F96T8/HO

F96T12
F96T12/HO
F96T12/HO

F96T12/HO

F96T12/HO

F96T12
F96T12

F96T12
F96T12/VHO
F96T12/ES
F96T12/HO/ES
F96T12/HO/ES
F96T12/HO/ES
F96T12/ES
F96T12/ES
F96T12/VHO/ES

F96T8

Description

Fluorescent, (1) 96", T8 HO lamp, tandem wired to 2-
lamp ballast

Fluorescent, (1) 96", STD lamp
Fluorescent, (1) 96", ES HO lamp
Fluorescent, (1) 96", STD HO lamp

Fluorescent, (1) 96", STD HO lamp, Rapid Start Ballast,
NLO (BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 96", STD HO lamp

Fluorescent, (1) 96", STD lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (1) 96", STD lamp, Rapid Start Ballast, NLO
(BF: .85-.95), Tandem 2 Lamp Ballast

Fluorescent, (1) 96", STD lamp
Fluorescent, (1) 96", STD VHO lamp
Fluorescent, (2) 96", ES lamp
Fluorescent, (2) 96", ES HO lamp
Fluorescent, (2) 96", ES HO lamp
Fluorescent, (2) 96", ES HO lamp
Fluorescent, (2) 96", ES lamp
Fluorescent, (2) 96", ES lamp
Fluorescent, (2) 96", ES VHO lamp

Fluorescent, (2) 96", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

75

Ballast

Electronic

Mag-ES
Mag-STD
Mag-ES

Electronic

Mag-STD

Electronic

Electronic

Mag-STD
Mag-STD
Mag-ES
Mag-ES
Electronic
Mag-STD
Electronic
Mag-STD
Mag-STD

Electronic

Lamp/
Fixture
1

Watt/
Lamp
86

75
95
110

110

110

75
75

75
215
60
95
95
95
60
60
185

59

Watt/
Fixture

80

91
125
132

98

145

70

67

100
230
123
207
170
227
110
138
390

109



Fixture Code

F82ILL-R

F82LHL
F82SE

F82SHE
F82SHL
F82SHS

F82SL

F82SS
F82SVS
F83EE

F83EHE

F83EHS
F83EL
F83ES
F83EVS

F83ILL

F83SHS

F83SS

Lamp Code

F96T8

F96T8/HO
F96T12
F96T12/HO
F96T12/HO
F96T12/HO

F96T12

F96T12
F96T12/VHO
F96T12/ES

F96T12/HO/ES

F96T12/HO/ES
F96T12/ES
F96T12/ES

F96T12/VHO/ES

F96T8

F96T12/HO

F96T12

Description

Fluorescent, (2) 96", T-8 lamp, Instant Start Ballast, RLO
(BF<0.85)

Fluorescent, (2) 96", T8 HO lamp
Fluorescent, (2) 96", STD lamp
Fluorescent, (2) 96", STD HO lamp
Fluorescent, (2) 96", STD HO lamp
Fluorescent, (2) 96", STD HO lamp

Fluorescent, (2) 96", STD lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (2) 96", STD lamp
Fluorescent, (2) 96", STD VHO lamp
Fluorescent, (3) 96", ES lamp

Fluorescent, (3) 96", ES HO lamp, (1) 2-lamp ES Ballast,
(1) 1-lamp STD Ballast
Fluorescent, (3) 96", ES HO lamp

Fluorescent, (3) 96", ES lamp
Fluorescent, (3) 96", ES lamp
Fluorescent, (3) 96", ES VHO lamp

Fluorescent, (3) 96", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (3) 96", STD HO lamp

Fluorescent, (3) 96", STD lamp

76

Ballast

Electronic

Electronic
Mag-ES
Mag-ES

Electronic

Mag-STD

Electronic

Mag-STD
Mag-STD
Mag-ES

Mag ES/STD

Mag-STD
Electronic
Mag-STD
Mag-STD

Electronic

Mag-STD

Mag-STD

Lamp/
Fixture
2

Watt/
Lamp
59

86
75
110
110
110

75

75
215
60

95

95
60
60
185

59

110

75

Watt/
Fixture

98

160
158
237
195
257

134

173
450
210

319

352
179
221
590

167

392

273



Fixture Code

F83SVS
FBAEE
F84EHE
F84EHL
F84EHS
F84EL
F84ES
F84EVS

F84ILL

F84LHL
F84SE

F84SHE
F84SHL
F84SHS

F84SL

F84SS
F84SVS
F86EHS

F86ILL

Lamp Code

F96T12/VHO
F96T12/ES
F96T12/HO/ES
F96T12/HO/ES
F96T12/HO/ES
F96T12/ES
F96T12/ES
F96T12/VHO/ES

F96T8

F96T8/HO
F96T12
F96T12/HO
F96T12/HO
F96T12/HO

F96T12

F96T12
F96T12/VHO
F96T12/HO/ES

F96T8

Description

Fluorescent, (3) 96", STD VHO lamp
Fluorescent, (4) 96", ES lamp
Fluorescent, (4) 96", ES HO lamp
Fluorescent, (4) 96", ES HO lamp
Fluorescent, (4) 96", ES HO lamp
Fluorescent, (4) 96", ES lamp
Fluorescent, (4) 96", ES lamp
Fluorescent, (4) 96", ES VHO lamp

Fluorescent, (4) 96", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (4) 96", T8 HO lamp
Fluorescent, (4) 96", STD lamp
Fluorescent, (4) 96", STD HO lamp
Fluorescent, (3) 96", STD HO lamp
Fluorescent, (4) 96", STD HO lamp

Fluorescent, (4) 96", STD lamp, Instant Start Ballast, NLO
(BF: .85-.95)

Fluorescent, (4) 96", STD lamp
Fluorescent, (4) 96", STD VHO lamp
Fluorescent, (6) 96", ES HO lamp

Fluorescent, (6) 96", T-8 lamp, Instant Start Ballast, NLO
(BF: .85-.95)
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Ballast

Mag-STD
Mag-ES
Mag-ES

Electronic

Mag-STD

Electronic

Mag-STD

Mag-STD

Electronic

Electronic
Mag-ES
Mag-ES

Electronic

Mag-STD

Electronic

Mag-STD
Mag-STD
Mag-STD

Electronic

Lamp/
Fixture
3

4

Watt/
Lamp
215

60
95
95
95
60
60
185

59

86
75
110
110
110

75

75
215
95

59

Watt/
Fixture

680
246
414
340
454
220
276
780

219

320
316
474
390
514

268

346
900
721

328



Fixture Code

FC12/1
FC12/2
FC16/1
FC20

FC22/1

FC22/32/1
FC32/1

FC32/40/1
FC40/1
FC44/1
FCo6/1
FC8/1
FC8/2
FUTEE
FUTILL
FUTLL
FUTLL-R

FUTILX-R

FU2SS

Lamp Code

FC12T9

FC12T9

FC16T9
FC6T9
FC8T9

FC22/32T9
FC12T9

FC32/40T9
FC16T9
FC44T9

FC6T9
FC8T9
FC8T9
FU40T12/ES
FU31T8/6
FU31T8/6
FU31T8/6

FU31T8/6

FU40T12

Description

Fluorescent, (1) 12" circular lamp, RS ballast
Fluorescent, (2) 12" circular lamp, RS ballast
Fluorescent, (1) 16" circular lamp
Fluorescent, Circlite, (1) 20W lamp, Preheat ballast
Fluorescent, Circlite, (1) 22W lamp, preheat ballast

Fluorescent, Circlite, (1) 22W/32W lamp, preheat ballast

Fluorescent, Circline, (1) 32W lamp, preheat ballast
Fluorescent, Circlite, (1) 32W/40W lamp, preheat ballast
Fluorescent, Circline, (1) 32W lamp, preheat ballast
Fluorescent, Circlite, (1) 44W lamp, preheat ballast
Fluorescent, (1) 6" circular lamp, RS ballast
Fluorescent, (1) 8" circular lamp, RS ballast
Fluorescent, (2) 8" circular lamp, RS ballast
Fluorescent, (1) U-Tube, ES lamp
Fluorescent, (1) U-Tube, T-8 lamp, Instant Start ballast
Fluorescent, (1) U-Tube, T-8 lamp
Fluorescent, (1) U-Tube, T-8 lamp, RLO (BF<0.85)

Fluorescent, (1) U-Tube, T-8 lamp, HE Instant/Program
Start Ballast RLO (BF<0.85)

Fluorescent, (2) U-Tube, STD lamp
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Ballast

Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD

Mag-STD
Mag-STD

Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-STD
Mag-ES
Electronic
Electronic
Electronic

Electronic

Mag-STD

Lamp/
Fixture
1

2

Watt/
Lamp
32

32
40
20
22

22/32
32

32/40
32
44
20
22
22
34
32
32
31

31

40

Watt/
Fixture

31
62
35
20
20

58
40

80
42
46
25
26
52
43
31
32
27

25

96



Fixture Code

FU2SE

FU2EE

FU2ES

FU2ILL

FU2ILL/T4

FU2ILL/T4-R

FU2ILL-H

FU2ILL-R

FU2ILX-R

FU2LL

FU2LL/T2

FU2LL-R

FU3EE

FU3ILL

FU3ILL-R

1100/1

Lamp Code

FU40T12
FU40T12/ES
FU40T12/ES

FU31T8/6

FU31T8/6

FU31T8/6

FU31T8/6

FU31T8/6
FU31T8/6
FU31T8/6
FU31T8/6
FU31T8/6
FU40T12/ES
FU31T8/6
FU31T8/6

1100

Description

Fluorescent, (2) U-Tube, STD lamp
Fluorescent, (2) U-Tube, ES lamp
Fluorescent, (2) U-Tube, ES lamp

Fluorescent, (2) U-Tube, T-8 lamp, Instant Start Ballast

Fluorescent, (2) U-Tube, T-8 lamp, Instant Start Ballast,
tandem wired

Fluorescent, (2) U-Tube, T-8 lamp, Instant Start Ballast,
RLO, tandem wired

Fluorescent, (2) U-Tube, T-8 lamp, Instant Start HLO
Ballast

Fluorescent, (2) U-Tube, T-8 lamp, Instant Start RLO Ballast

Fluorescent, (2) U-Tube, T-8 lamp, HE Instant/Program
Start Ballast RLO (BF<0.85)

Fluorescent, (2) U-Tube, T-8 lamp
Fluorescent, (2) U-Tube, T-8 lamp, Tandem 4 lamp ballast
Fluorescent, (2) U-Tube, T-8 lamp, RLO (BF<0.85)
Fluorescent, (3) U-Tube, ES lamp
Fluorescent, (3) U-Tube, T-8 lamp, Instant Start Ballast
Fluorescent, (3) U-Tube, T-8 lamp, Instant Start RLO Ballast

Incandescent, (1) T00W lamp
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Ballast

Mag-ES

Mag-ES

Mag-STD

Electronic

Electronic

Electronic

Electronic

Electronic
Electronic
Electronic
Electronic
Electronic
Mag-ES
Electronic
Electronic

N/A

Lamp/
Fixture
2

Watt/
Lamp
40

34
34
32
32
32
32
32
31
32
32
31
35
32
32

100

Watt/
Fixture

85

72

82

59

56

51

65

52

48

60

59

54

115

89

78

100



Fixture Code

1100/2
1100/3
[100/4
1100/5
11000/1
[100E/1
[100EL/1
1120/1
1120/2
1125/1
1135/1
1135/2
115/1
115/2
1150/1
1150/2
11500/1
I150E/1
[150EL/1
1170/1

120/1

Lamp Code

1100
1100
1100
1100
11000
[100/ES
[100/ES/LL
1120
1120
1125
1135
1135
115
115
1150
1150
11500
1150/ES
1150/ES/LL
1170

120

Description

Incandescent, (2) T00W lamp
Incandescent, (3) T00W lamp
Incandescent, (4) T00W lamp
Incandescent, (5) T00W lamp

Incandescent, (1) T000W lamp

Incandescent, (1) T00W ES lamp

Incandescent, (1) T00W ES/LL lamp

Incandescent, (1) 120W lamp
Incandescent, (2) 120W lamp
Incandescent, (1) 125W lamp
Incandescent, (1) 135W lamp
Incandescent, (2) 135W lamp
Incandescent, (1) 15W lamp
Incandescent, (2) 15W lamp
Incandescent, (1) 150W lamp
Incandescent, (2) 150W lamp

Incandescent, (1) 1500W lamp

Incandescent, (1) 150W ES lamp

Incandescent, (1) 150W ES/LL lamp

Incandescent, (1) 170W lamp

Incandescent, (1) 20W lamp
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Ballast

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

Lamp/
Fixture
2

3

4

Watt/
Lamp
100

100
100
100
1000
90
90
120
120
125
135
135
15
15
150
150
1500
135
135
170

20

Watt/
Fixture

200
300
400
500
1000
90
90
120
240
125
135
270
15
30
150
300
1500
135
135
170

20



Fixture Code

120/2
1200/1
[200/2
12000/1
[200L/1
125/1
[25/2
125/4
1250/1
1300/1
134/1
134/2
136/1
140/1
140/2
1400/1
[40E/1
[40EL/1
142/1
1448/1

145/1

Lamp Code

120
1200
1200

12000
1200/LL

125

125

125
1250
1300

134

134

136

140

140
1400

140/ES
[40/ES/LL

142

1448

145

Description

Incandescent, (2) 20W lamp
Incandescent, (1) 200W lamp
Incandescent, (2) 200W lamp
Incandescent, (1) 2000W lamp
Incandescent, (1) 200W LL lamp
Incandescent, (1) 25W lamp
Incandescent, (2) 25W lamp
Incandescent, (4) 25W lamp
Incandescent, (1) 250W lamp
Incandescent, (1) 300W lamp
Incandescent, (1) 34W lamp
Incandescent, (2) 34W lamp
Incandescent, (1) 36W lamp
Incandescent, (1) 40W lamp
Incandescent, (2) 40W lamp
Incandescent, (1) 400W lamp
Incandescent, (1) 40W ES lamp
Incandescent, (1) 40W ES/LL lamp
Incandescent, (1) 42W lamp
Incandescent, (1) 448W lamp

Incandescent, (1) 45W lamp
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Ballast

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

Lamp/
Fixture
2

1

Watt/
Lamp
20

200
200
2000
200
25
25
25
250
300
34
34
36
40
40
400
34
34
42
448

45

Watt/
Fixture

40
200
400

2000
200

25
50
100
250
300
34
68
36
40
80
400
34
34
42
448

45



Fixture Code Lamp Code Description Ballast Lamp/  Watt/ Watt/
Fixture Lamp Fixture

150/1 150 Incandescent, (1) 50W lamp N/A 1 50 50
150/2 150 Incandescent, (2) 50W lamp N/A 2 50 100
1500/1 1500 Incandescent, (1) 500W lamp N/A 1 500 500
152/1 52 Incandescent, (1) 52W lamp N/A 1 52 52
152/2 152 Incandescent, (2) 52W lamp N/A 2 52 104
154/1 |54 Incandescent, (1) 54W lamp N/A 1 54 54
154/2 154 Incandescent, (2) 54W lamp N/A 2 54 108
I55/1 I55 Incandescent, (1) 55W lamp N/A 1 55 55
I55/2 I55 Incandescent, (2) 55W lamp N/A 2 55 110
160/1 160 Incandescent, (1) 60W lamp N/A 1 60 60
160/2 160 Incandescent, (2) 60W lamp N/A 2 60 120
160/3 160 Incandescent, (3) 60W lamp N/A 3 60 180
160/4 160 Incandescent, (4) 60W lamp N/A 4 60 240
160/5 160 Incandescent, (5) 60W lamp N/A 5 60 300
I60E/1 160/ES Incandescent, (1) 60W ES lamp N/A 1 52 52
I60EL/1 160/ES/LL Incandescent, (1) 60W ES/LL lamp N/A 1 52 52
165/1 165 Incandescent, (1) 65W lamp N/A 1 65 65
165/2 165 Incandescent, (2) 65W lamp N/A 2 65 130
167/1 167 Incandescent, (1) 67W lamp N/A 1 67 67
167/2 167 Incandescent, (2) 67W lamp N/A 2 67 134
167/3 167 Incandescent, (3) 67W lamp N/A 3 67 201

82



Fixture Code
169/1

17.5/1

17.5/2

172/1
175/1
[75/2
175/3
[75/4
1750/1
I75E/1
I75EL/1
180/1
185/1
190/1
190/2
190/3
193/1
195/1
195/2

H100/1

Lamp Code
169

17.5
17.5

172
175
175
175
175
1750
[75/ES
[75/ES/LL
180
185
190
190
190
193
195
195

H100

Description

Incandescent, (1) 69W lamp

Tungsten exit light, (1) 7.5 W lamp, used in night light
application

Tungsten exit light, (2) 7.5 W lamp, used in night light
application

Incandescent, (1) 72W lamp
Incandescent, (1) 75W lamp
Incandescent, (2) 75W lamp
Incandescent, (3) 75W lamp
Incandescent, (4) 75W lamp
Incandescent, (1) 750W lamp
Incandescent, (1) 75W ES lamp
Incandescent, (1) 75W ES/LL lamp
Incandescent, (1) 80W lamp
Incandescent, (1) 85W lamp
Incandescent, (1) 90W lamp
Incandescent, (2) 90W lamp
Incandescent, (3) 90W lamp
Incandescent, (1) 93W lamp
Incandescent, (1) 95W lamp
Incandescent, (2) 95W lamp
Halogen Incandescent, (1) 100W lamp
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Ballast

N/A

N/A

N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

Lamp/Fixture

1

1

Watt/Lamp

69

7.5

7.5

72

75

75

75

75

750

67

67

80

85

90

90

90

93

95

95

100

Watt/Fixture

69

8

15

72

75

150

225

300

750

67

67

80

85

90

180

270

93

95

190

100



Fixture Code

H1000/1
H1200/1
H150/1
H150/2
H1500/1
H200/1
H250/1
H300/1
H35/1
H350/1
H40/1
H400/1
H42/1
H425/1
H45/1
H45/2
H50/1
H50/2
H500/1
H52/1

H55/1

Lamp Code

H1000
H1200
H150
H150
H1500
H200
H250
H300
H35
H350
H40
H400
H42
H425
H45
H45
H50
H50
H500
H52

H55

Description

Halogen Incandescent, (1) 1000W lamp
Halogen Incandescent, (1) 1200W lamp
Halogen Incandescent, (1) 150W lamp
Halogen Incandescent, (2) 150W lamp
Halogen Incandescent, (1) 1500W lamp
Halogen Incandescent, (1) 200W lamp
Halogen Incandescent, (1) 250W lamp
Halogen Incandescent, (1) 300W lamp
Halogen Incandescent, (1) 35W lamp
Halogen Incandescent, (1) 350W lamp
Halogen Incandescent, (1) 40W lamp
Halogen Incandescent, (1) 400W lamp
Halogen Incandescent, (1) 42W lamp
Halogen Incandescent, (1) 425W lamp
Halogen Incandescent, (1) 45W lamp
Halogen Incandescent, (2) 45W lamp
Halogen Incandescent, (1) 50W lamp
Halogen Incandescent, (2) 50W lamp
Halogen Incandescent, (1) 500W lamp
Halogen Incandescent, (1) 52W lamp

Halogen Incandescent, (1) 55W lamp
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Ballast

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

Lamp/
Fixture
1

1

Watt/
Lamp
1000

1200
150
150

1500
200
250
300

35
350
40

400
42
425
45
45
50
50
500
52

55

Watt/
Fixture

1000
1200
150
300
1500
200
250
300
35
350
40
400
42
425
45
90
50
100
500
52

55



Fixture Code

H55/2
H60/1
H72/1
H75/1
H75/2
H750/1
H90/1
H90/2
H900/1
HLV20/1
HLV25/1
HLV35/1
HLV42/1
HLV50/1
HLV65/1
HLV75/1
QL55/1
QL85/1
QL165/1
HPS100/1

HPS1000/1

Lamp Code

H55
H60
H72
H75
H75
H750
H90
H90
H900
H20/LV
H25/LV
H35/LV
H42/LV
H50/LV
H65/LV
H75/LV
QL55
QL85
QL165
HPS100

HPS1000

Description

Halogen Incandescent, (2) 55W lamp
Halogen Incandescent, (1) 60W lamp
Halogen Incandescent, (1) 72W lamp
Halogen Incandescent, (1) 75W lamp
Halogen Incandescent, (2) 75W lamp
Halogen Incandescent, (1) 750W lamp
Halogen Incandescent, (1) 90W lamp
Halogen Incandescent, (2) 90W lamp
Halogen Incandescent, (1) 900W lamp
Halogen Low Voltage Incandescent, (1) 20W lamp
Halogen Low Voltage Incandescent, (1) 25W lamp
Halogen Low Voltage Incandescent, (1) 35W lamp
Halogen Low Voltage Incandescent, (1) 42W lamp
Halogen Low Voltage Incandescent, (1) 50W lamp
Halogen Low Voltage Incandescent, (1) 65W lamp
Halogen Low Voltage Incandescent, (1) 75W lamp
QL Induction, (1) 55W lamp
QL Induction, (1) 85W lamp
QL Induction, (1) 165W lamp
High Pressure Sodium, (1) T00W lamp

High Pressure Sodium, (1) 1000W lamp
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Ballast

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Generator
Generator
Generator
CWA

CWA

Lamp/
Fixture

2

1

Watt/
Lamp

55

60

72

75

75

750

90

90

900

20

25

35

42

50

65

75

55

85

165

100

1000

Watt/
Fixture

110

60

72

75

150

750

90

180

900

30

35

45

52

60

75

85

55

85

165

138

1100



Fixture Code

HPS150/1
HPS200/1
HPS225/1
HPS250/1
HPS310/1
HPS35/1
HPS360/1
HPS400/1
HPS50/1
HPS600/1
HPS70/1
HPS750/1
MH100/1
MH1000/1
MH150/1
MH1500/1
MH175/1
MH1800/1
MH200/1
MH250/1

MH32/1

Lamp Code

HPS150
HPS200
HPS225
HPS250
HPS310
HPS35
HPS360
HPS400
HPS50
HPS600
HPS70
HPS750
MH100
MH1000
MH150
MH1500
MH175
MH1800
MH200
MH250

MH32

Description

High Pressure Sodium, (1) 150W lamp
High Pressure Sodium, (1) 200W lamp
High Pressure Sodium, (1) 225W lamp
High Pressure Sodium, (1) 250W lamp
High Pressure Sodium, (1) 310W lamp
High Pressure Sodium, (1) 35W lamp
High Pressure Sodium, (1) 360W lamp
High Pressure Sodium, (1) 400W lamp
High Pressure Sodium, (1) 50W lamp
High Pressure Sodium, (1) 600W lamp
High Pressure Sodium, (1) 70W lamp
High Pressure Sodium, (1) 750W lamp
Metal Halide, (1) T00W lamp
Metal Halide, (1) 1000W lamp
Metal Halide, (1) 150W lamp
Metal Halide, (1) 1500W lamp
Metal Halide, (1) 175W lamp
Metal Halide, (1) 1800W lamp
Metal Halide, (1) 200W lamp
Metal Halide, (1) 250W lamp

Metal Halide, (1) 32W lamp
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Ballast

CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA

CWA

Lamp/
Fixture
1

1

Watt/
Lamp
150

200
225
250
310
35
360
400
50
600
70
750
100
1000
150
1500
175
1800
200
250

32

Watt/
Fixture

188
250
275
295
365

46
414
465

66
675

95
835
128

1080
190

1610
215

1875
232
295

43



Fixture Code

MH300/1

MH320/1

MH350/1

MH360/1

MH400/1

MH400/2

MH450/1

MH35/1

MH50/1

MH70/1

MH750/1

MHPS/LR/100/1

MHPS/LR/150/1

MHPS/LR/175/1

MHPS/LR/200/1

MHPS/LR/250/1

MHPS/LR/300/1

Lamp Code

MH300
MH320
MH350
MH360
MH400
MH400
MH450
MH35
MH50
MH70
MH750

MHPS100
MHPS150
MHPS175
MHPS200
MHPS250

MHPS300

Description

Metal Halide, (1) 300W lamp
Metal Halide, (1) 320W lamp
Metal Halide, (1) 350W lamp
Metal Halide, (1) 360W lamp
Metal Halide, (1) 400W lamp
Metal Halide, (2) 400W lamp
Metal Halide, (1) 450W lamp
Metal Halide, (1) 35W lamp
Metal Halide, (1) 50W lamp
Metal Halide, (1) 70W lamp
Metal Halide, (1) 750W lamp

Metal Halide Pulse Start, (1) T00W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 150W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 175W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 200W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 250W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 300W lamp w/ Linear Reactor
Ballast
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Ballast

CWA

CWA

CWA

CWA

CWA

CWA

CWA

CWA

CWA

CWA

CWA

LR

LR

LR

LR

LR

LR

Lamp/
Fixture
1

Watt/
Lamp
300

320
350
360
400
400
450
35
50
70
750

100
150
175
200
250

300

Watt/
Fixture

342
365
400
430
458
916
508

44

72

95
850

118

170

194

219

275

324



Fixture Code

MHPS/LR/320/1

MHPS/LR/350/1

MHPS/LR/400/1

MHPS/LR/450/1

MHPS/LR/750/1

MHPS/SCWA/100/1

MHPS/SCWA/1000/1

MHPS/SCWA/150/1

MHPS/SCWA/175/1

MHPS/SCWA/200/1

MHPS/SCWA/250/1

MHPS/SCWA/300/1

MHPS/SCWA/320/1

Lamp Code

MHPS320

MHPS350

MHPS400

MHPS450

MHPS750

MHPS100

MHPS1000

MHPS150

MHPS175

MHPS200

MHPS250

MHPS300

MHPS320

Description

Metal Halide Pulse Start, (1) 320W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 350W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 400W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 450W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) 750W lamp w/ Linear Reactor
Ballast

Metal Halide Pulse Start, (1) T00W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 1000W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 150W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 175W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 200W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 250W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 300W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 320W lamp w/ Super
Constant Wattage Autotransformer Ballast

88

Ballast

LR

LR

LR

LR

LR

SCWA

SCWA

SCWA

SCWA

SCWA

SCWA

SCWA

SCWA

Lamp/
Fixture
1

Watt/
Lamp
320

350

400

450

750

100

1000

150

175

200

250

300

320

Watt/
Fixture

349

380

435

485

805

128

1080

190

208

232

288

342

368



Fixture Code

MHPS/SCWA/350/1

MHPS/SCWA/400/1

MHPS/SCWA/450/1

MHPS/SCWA/750/1

MV100/1
MV1000/1
MV175/1
MV250/1
MV40/1
MV400/1
MV400/2
MV50/1
MV700/1
MV75/1
ECF5/1
ECF5/2
ECF7/1

ECF7/2

Lamp Code

MHPS350
MHPS400
MHPS450

MHPS750

MV100
MV1000
MV175
MV250
MV40
MV400
MV400
MV50
MV700
MV75
CFT5W
CFT5W
CFT7W

CFT7W

Description

Metal Halide Pulse Start, (1) 350W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 400W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 450W lamp w/ Super
Constant Wattage Autotransformer Ballast

Metal Halide Pulse Start, (1) 750W lamp w/ Super
Constant Wattage Autotransformer Ballast

Mercury Vapor, (1) T00W lamp
Mercury Vapor, (1) 1T000W lamp
Mercury Vapor, (1) 175W lamp
Mercury Vapor, (1) 250W lamp
Mercury Vapor, (1) 40W lamp
Mercury Vapor, (1) 400W lamp
Mercury Vapor, (2) 400W lamp
Mercury Vapor, (1) 50W lamp
Mercury Vapor, (1) 700W lamp
Mercury Vapor, (1) 75W lamp
EXIT Compact Fluorescent, (1) 5W lamp
EXIT Compact Fluorescent, (2) 5W lamp
EXIT Compact Fluorescent, (1) 7W lamp

EXIT Compact Fluorescent, (2) 7W lamp
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Ballast

SCWA

SCWA

SCWA

SCWA

CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
CWA
Mag-STD
Mag-STD
Mag-STD

Mag-STD

Lamp/
Fixture
1

Watt/
Lamp
350

400

450

750

100
1000
175
250
40
400
400
50
700

75

Watt/
Fixture

400

450

506

815

125
1075
205
290
50
455
910
74
780

93

20
10

21



Fixture Code

ECF8/1
ECF8/2
ECF9/1
ECF9/2
El10/2
El15/1
El15/2
EI20/1
El20/2
El25/1
El25/2
EI34/1
EI34/2
El40/1
El40/2
EI5/1
EI5/2
EI50/2
EI7.5/1
El7.5/2

ELEDO.5/1

Lamp Code

F8T5
F8T5
CFTOW

CFTOW

110

115

115

120

120

125

125

134

134

140

140

150

17.5

17.5

LEDO.5W

Description

EXIT T5 Fluorescent, (1) 8W lamp

EXIT T5 Fluorescent, (2) 8W lamp

EXIT Compact Fluorescent, (1) 9W lamp

EXIT Compact Fluorescent, (2) 9W lamp

EXIT Incandescent, (2) 1T0W lamp
EXIT Incandescent, (1) 15W lamp
EXIT Incandescent, (2) 15W lamp
EXIT Incandescent, (1) 20W lamp
EXIT Incandescent, (2) 20W lamp
EXIT Incandescent, (1) 25W lamp
EXIT Incandescent, (2) 25W lamp
EXIT Incandescent, (1) 34W lamp
EXIT Incandescent, (2) 34W lamp
EXIT Incandescent, (1) 40W lamp
EXIT Incandescent, (2) 40W lamp
EXIT Incandescent, (1) 5W lamp
EXIT Incandescent, (2) 5W lamp
EXIT Incandescent, (2) 50W lamp
EXIT Tungsten, (1) 7.5 W lamp

EXIT Tungsten, (2) 7.5 W lamp

EXIT Light Emitting Diode, (1) 0.5W lamp, Single Sided
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Ballast

Mag-STD
Mag-STD
Mag-STD

Mag-STD

Watt/
Lamp

10

15

15

20

20

25

25

34

34

40

40

50

7.5

7.5

0.5

Watt/
Fixture

12

24

12

20

20

15

30

20

40

25

50

34

68

40

80

5

10

100

15

0.5



Fixture Code

ELEDO.5/2

ELED1.5/1

ELED1.5/2

ELED10.5/1

ELED10.5/2

ELED2/1
ELED2/2
ELED3/1
ELED3/2
ELED5/1
ELEDS5/2
ELED8/1

ELEDS8/2

Lamp Code

LEDO.5W

LED1.5W

LED1.5W

LED10.5W

LED10.5W

LED2W
LED2W
LED3W
LED3W
LED5W
LED5W
LED8W

LED8W

Description

EXIT Light Emitting Diode, (2) 0.5W lamp, Dual Sided

EXIT Light Emitting Diode, (1) 1.5W lamp, Single
Sided

EXIT Light Emitting Diode, (2) 1.5W lamp, Dual Sided

EXIT Light Emitting Diode, (1) 10.5W lamp, Single
Sided

EXIT Light Emitting Diode, (2) 10.5W lamp, Dual
Sided

EXIT Light Emitting Diode, (1) 2W lamp, Single Sided
EXIT Light Emitting Diode, (2) 2W lamp, Dual Sided
EXIT Light Emitting Diode, (1) 3W lamp, Single Sided
EXIT Light Emitting Diode, (2) 3W lamp, Dual Sided
EXIT Light Emitting Diode, (1) 5W lamp, Single Sided
EXIT Light Emitting Diode, (2) 5W lamp, Dual Sided
EXIT Light Emitting Diode, (1) 8W lamp, Single Sided

EXIT Light Emitting Diode, (2) 8W lamp, Dual Sided

91

Lamp/
Fixture

2
1

Watt/
Lamp

0.5

15

15
10.5

10.5

Watt/
Fixture

1

15

10.5

21

10

16



16. Appendix B: Effective Leakage Area Tables

Location Building Component ELA, Sqln/unit Unit
Ceiling/ Ceiling General Ceiling (well-sealed) 0.011 ft?
Penetrations General Ceiling (average) 0.026 ft?

General Ceiling (very leaky) 0.04 ft?
Ceiling/ Flue vents (well-sealed) 43 each
Ceiling/ Flue vents (average to very leaky) 48 each
Lights, Recessed (well-sealed) 0.23 each
Lights, Recessed (average) 16 each
Lights, Recessed (very leaky) 33 each
Lights, Surface Mounted (average) 0.13 each
Crawl Space Crawl Space/ Open chase (well- sealed) 0.1 ft?
Crawl Space/ Open chase (average) 0.144 ft?
Crawl Space/ Open chase (very leaky) 0.24 ft?
Doors Framing- General (well-sealed) 0.37 each
Framing- General (average) 1.9 each
Framing- General (very leaky) 39 each
Framing- Masonry, caulked 0.014 ft?
Framing- Masonry, not caulked 0.024 ft?
Framing- Wood, caulked 0.004 ft?
Framing- Wood, not caulked 0.024 ft2
Attic/ Crawl Space, weatherstripped 2.8 each
Attic/ Crawl Space, not weatherstripped 46 each
Attic Hatch, not weatherstripped 6.8 each
Attic Hatch, weatherstripped 34 each
Attic Hatch, weatherstripped, insulated 0.6 each
Elevator (well-sealed) 0.022 each
Elevator (average) 0.04 each
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Location

Electrical
Outlets

Exterior
Wall

Fireplace

Building Component

Double, weatherstripped

Double, not weatherstripped

Interior Stairs (well-sealed)

Interior Stairs (average)

Interior Stairs (leaky)

Replacement Doors, cfm/ft known (enter cfm/ft in Additional Info)

Replacement Doors, cfm/sq ft known (enter cfm/sq ft in Additional Info)

Single, weatherstripped

Single, not weatherstripped

Sliding Exterior Glass Patio (well-sealed)
Sliding Exterior Glass Patio (average)
Sliding Exterior Glass Patio (very leaky)
Storm (select in addition to other doors)
Vestibule (select in addition to other doors)
Elec outlets/ switches w/ gaskets

Elec outlets/switches w/o gaskets

Clay brick Cavity Wall

Continuous Air Infiltration Barrier
Heavyweight concrete block

Lightweight concrete block, unfinished
Lightweight concrete block, painted or stucco
Rigid Sheathing

Wood frame w/ dense packed or wet cellulose
Wood-frame w/o Air Barrier System (average)
Wood-frame w/o Air Barrier System (leaky)
With open damper

With closed damper

With glass door
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ELA,
SqlIn/unit
0.12

0.16
0.012
0.04
0.07

19
33

0.46
34
93
-0.9
-1.6

0.023

0.38

0.0098
0.0022
0.0036
0.05
0.016
0.005
0.004 [2]
0.0071 [2]
0.01[2]
5.04
0.62
0.58

Unit
f2
f2
ft (crack)
ft (crack)
ft (crack)
ft

sq ft

each

each
each
each
each
each
each
each

each

ft2
ft2
ft2
ft2
ft2
ft2
ft2
ft2
ft2
ft2
ft2
ft2



Location

Floor Over
Crawl Space

Joints

Penetrations

Windows

Building Component

Floor over Crawl Space (well- sealed)

Floor over Crawl Space (average)

Floor over Crawl Space (very leaky)

Joint- Floor/Wall caulked

Joint- Floor/Wall uncaulked

Joint- Ceiling/Wall (well-sealed)

Joint- Ceiling/Wall (average)

Joint- Ceiling/Wall (very leaky)

Penetrations- Pipes/Wiring, caulked (any size)
Penetrations- Pipes/Wiring, uncaulked
Penetrations- Pipes/Wiring, uncaulked (large)
Air-conditioner Sleeve, caulked

Air-conditioner Sleeve, uncaulked

Framing- masonry, caulked

Framing- masonry, uncaulked

Framing- wood, caulked

Framing- wood, uncaulked

Awning/ Hopper, weatherstripped

Awning/ Hopper, not weatherstripped
Casement, weatherstripped

Casement, not weatherstripped

Double hung, with storm, weatherstripped
Double hung, with storm, not weatherstripped
Double hung, weatherstripped

Double hung, not weatherstripped

Double horizontal slider, wood, weatherstripped
Double horizontal slider, aluminum, weatherstripped
Double horizontal slider, not weatherstripped
Replacement Windows (enter NFRC AL under Additional Info)
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ELA,
Sqln/unit
0.006

0.032
0.071
0.04
0.2
0.0075
0.07
0.12
03
0.9
37
1.9 3]
3.9 3]
0.019
0.094
0.004
0.025
0.012
0.023
0.011
0.013
0.031[7]
0.046
0.037[1]
0.12
0.026
0.034

0.052

Unit
ft2

f2
f2
ft (crack)
ft (crack)
ft (crack)
ft (crack)
ft (crack)
each
each
each
each
each
f2
f2
f2
f2
f2
f2
ft (crack)
ft (crack)
ft (crack)
ft (crack)
ft (crack)
ft (crack)
ft (crack)
ft (crack)
ft (crack)

ft2



Location

Vent

Building Component

Sill (well-sealed)

Sill (average)

Sill (very leaky)

Single hung, weatherstripped

Single horizontal slider, aluminum

Single horizontal slider, wood

Storm Inside, flexible sheet with a mechanical seal
Storm Inside, rigid sheet with magnetic seal
Storm Inside, rigid sheet with mechanical seal
Storm Outside, pressurized track
Bathroom with damper closed

Bathroom with damper open

Ceiling/ Flue vents (well-sealed)

Ceiling/ Flue vents (average to very leaky)
Dryer with damper

Dryer without damper

Kitchen with tight gasket

Kitchen with damper closed

Kitchen with damper open

ELA,
Sqln/unit
0.0065

0.0099
0.01
0.041
0.04
0.021
0.0072
0.0056
0.019
0.025
1.6
3.1
43
48
0.46
23
0.16
0.8
6.2

Unit
ft (crack)
ft (crack)
ft (crack)
ft (sash)
ft (sash)
ft (sash)
ft (sash)
ft (sash)
ft (sash)
ft (sash)

each

each
each
each
each
each
each
each

each

In ASHRAE table, double hung with storm is leakier than double hung without storm. Flipped the

values for consistency.

Estimated based on the following references:

e 2001 ASHRAE Handbook- Fundamentals. Atlanta: American Society of heating, Refrigerating

and Air- Conditioning Engineers, Inc.

e TenWolde, Anton, Charles Carll, Vyto Malinauskas. 1998. Air Pressures in Wood Frame Walls.

Thermal Performance of the Exterior Envelopes of Buildings VII. Clearwater beach, FL.

e (Canada Mortgage and Housing Corporation. Research and Highlight Developments- Wet

sprayed cellulose insulation in Wood frame construction. Technical Series 90-240.

Estimated assuming leakage through caulked/un-caulked AC sleeve is similar to leakage through

average/very leaky general door framing.
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Appendix C: Technical Topic—Boiler Efficiency
Definitions
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Boiler Efficiency Definitions

Distribution System

i

Seasonal

Efficiency

{e.g., AFUE)
annual

AN
/_ jacket and stack lnsses
when idling/off.cycle )
F i

Mechanical Room
Thermal Efficiency
steady-state

A\
jacket lnsses >
while firing
7
Combustion Efficiency \
steady-state stack losses. incomplete combustion >
+ heal exchanger insfliciency

7

100%
(Heating Value of Fuel)

There are many different terms to describe the efficiency of heating systems, and some of those terms
have more than one definition. When you see “combustion efficiency.” “thermal efficiency.” or “boiler
efficiency” it is important to understand what definition was intended.

For the purpose of NYSERDA s Multifanuly Performance Program_ the critical distinction 1s between
descriptions of steady state efficiency and descriptions of seasonal or annual efficiency.

Thas information 1s provided as a summary to the Tech Tips discussion on April 17, 2008.
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Combustion efficiency and thermal efficiency describe steady state efficiency. Annual Fuel
Utilization Efficiency (AFUE) and other measures of seasonal or annual efficiency are non-steady
state measures that include a boiler's performance when it is operating at part load and idling
between calls for heat.

Working with Efficiency Ratings

ASHRAE Standard 90.1-2004 describes the minimum acceptable ratings for ne

boilers: Boiler Btu/hour input Standard Used for Minimum Rating
<300,000 AFUE

300,000- 2,500,000 Thermal Efficiency (Ei)

>2,500,000 Combustion Efficiency (Ee)

The Hydronics Institute Division of GAMA (HI) provides directories listing these ratings at GAMA

Product Directories. Specifically, see the directories for Residential and Commercial boilers.
Combustion Efficiency %= ((Fuel Input — Stack Losses) + Fuel Input) x 100

Combustion efficiency is most commonly defined as shown above and usually describes the
results of a combustion efficiency field test on an existing combustion appliance. Combustion
efficiency does not account for jacket losses or off cycle losses. The test estimates the heat lost
up the stack when the combustion appliance has been firing long enough to reach equilibrium.
Stack heat loss is assessed by measuring:

e Net stack temperature, the difference between the temperature in the flue and the
temperature in the mechanical mom

e Carbon dioxide concentration or oxygen concentration in the flue gas (%) Carbon
monoxide is also often measured, as an indication of unburned flue gases.

100



Combustion efficiency measurements for an installed combustion appliance account for any
inefficiency of the heat exchanger due to soot, scale, or poor maintenance, because heat that

fails to transfer through the heat exchanger goes up the stack.

The Hydronic Institute Testing Standard BTS-2000 provides a test procedure foe rating the
combustion efficiency of new boilers. The BTS-2000 combustion efficiency test is a more
precise version of the combustion efficiency field test. Values for combustion efficiency
measured using this standard are given in the Hydronics Institute commercial boiler directory

referenced above.
Thermal Efficiency % = (Output/ Input) x 100

The definition of thermal efficiency shown above is also from BTS-2000. When a boiler
nameplate provides the input and output BTUs, the ratio of those numbers expresses the

thermal efficiency.
Thermal efficiency cannot be tested in the field; it requires metering the fuel input and

measuring the

Continued on following page...
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pounds of steam_ rate of hot water production, and condensate produced (for steam botlers or
condensing boilers). The biggest difference between combustion efficiency and thermal efficiency 1s
that thermal efficiency accounts for the heat lost through the boiler jacket during boiler firing.

Annual or Seasonal Efficiency

Seasonal efficiency cannot be tested in the field. nor can it be described with a sumple equation. In
addition to stack losses and jacket losses. seasonal efficiency accounts for heat loss during periods that
the boiler 15 “idling” to maintain its internal temperature while the bulding 15 not calling for heat.

The AFUE rating system applies to boilers up to 300,000 Btu per hour input. ASHRAE 1s working on
Standard 155P, a similar rating system for larger boilers and boiler systems. Values for AFUE are
given in the Hydronics Institute residential boiler directory referenced above.

ASHRAFE/ANSI Standard 103-1993 describes the procedure used to calculate AFUE. which includes
assumptions such as:
¢ Varying outdoor temperatures in order to stmulate a “typical” winter. Although this
is a typical winter for the entire United States. not a typical New York State winter, it
does model boiler performance at part load.
* An oversizing factor, which means the boiler does not run at full capacity, even on
the coldest day.

An accurate description of seasonal efficiency would be the closest approximation of the boiler’s

actual performance in a particular building. The AFUE rating system makes simplifying assumptions
that may not apply to a particular installation, but as a single number to represent seasonal efficiency, it
comes closer than any other rating system currently available.
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18. Appendix D: Energy Management Systems

Introduction

In an effort to cost-effectively reduce building-wide overheating, some multifamily
building owners choose to install an energy management system (EMS) to control the
boiler. The primary function of an EMS in multifamily buildings is to monitor indoor
temperatures using a network of temperature sensors and then to use that information to
control the heating system. This tech tip focuses on how to use an EMS to better control
the run time of the boiler or the temperature of the water circulated through the building.

Background
Many multifamily buildings across New York State are overheated in the winter. In general,
the most severe overheating is found in buildings heated by steam and hot water. Frequent
causes of overheating are:

e degraded heating distribution systems

® inadequate or improperly calibrated heating system controls

® the complicated reality of heating multifamily buildings
Both New York State Code and New York City Code require a minimum indoor temperature
of 68°F during the winter for multifamily buildings. For the purpose of this discussion, we
define “overheated” as anything above code minimum, but many building owners aim for
a minimum of 70°F to ensure tenant comfort. A range of temperatures is expected, but
temperatures more than 72°F are widely considered overheated.

There are many boiler control strategies used to maintain this minimum temperature, and
they vary widely in their ability to do so while conserving energy and keeping fuel costs
low. Many centralized boiler controls operate without any feedback from indoor
temperature sensors, which limits their ability to achieve all three goals. Controls that allow
the tenants to adjust the amount of heat coming from a radiator, such as thermostatic
radiator valves (TRVs) or thermostats, can reduce both overheating and tenant complaints,
but they can be expensive to install. They also typically rely on tenant cooperation to
achieve savings. This can make them unappealing for energy conservation retrofits
because savings may be ureIiabIe.

HEEMEDAY.

NYS and NYC Code
Requirements

New York State — Heat supply. Every
owner and operator of any building who
rents, leases or lets one or more
dwelling unit, rooming unit, dormitory or
guestroom on terms, either expressed or
implied, to furnish heat to the occupants
thereof shall supply heat during the
period from September 15th to May 31st
to maintain a temperature of not less
than 68°F (20°C) in all habitable rooms,
bathrooms and toilet rooms. (Section
602.3)

New York City — Heat must be supplied
from October 1 through May 31 to
tenants in multiple dwellings. If the
outdoor temperature falls below 55°F
between the hours of six a.m. and ten
p.m., each apartment must be heated to
a temperature of at least 68°F. If the
outdoor temperature falls below 40°F
between the hours of ten p.m. and six
a.m., each apartment must be heated to
a temperature of at least 55°F. (Multiple
Dwelling Law § 79; Multiple Residence
Law § 173; NYC Admin. Code § 27-
2029.)

Figure 1: Central computers of Energy Management Systems installed in the field and manufactured (from left to right) by Heat-Timer, U.S. Energy, EnTech,

and Intech 21. Photo credits: Far left and left by Taitem Engineering; right and far right by the Association for Energy Affordability
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Description of Energy Management Systems

Energy management systems have two main functions that differentiate them from other

types of boiler controls:

First, many EMSs can monitor a wide array of data types and display the data in a
computer program or on a website. Depending on the model, data points that can be
monitored include domestic hot water temperature, fuel consumption, fuel oil tank level,
boiler stack temperature, boiler water usage, and more. Although these monitoring
capabilities are often emphasized in marketing materials and can be a useful tool for some
boiler operators, they do not produce any energy savings by themselves. Action by the
boiler operator is required to turn any of the information listed above into potential energy

savings.

Second, EMSs use a network of temperature sensors to better control the run time of
the boiler or the temperature of the water circulated through the building. One
temperature sensor monitors outdoor air temperature. It determines whether the building
should be heated at any given time, where on the outdoor reset curve the boiler should
operate, or which curve should be used. Additionally a series of sensors is installed in a

sample of apartments to monitor the temperature inside the building.

Multiple temperature sensors are recommended to get an accurate picture of what is going
on in the building. Measuring temperatures in several apartments reduces the impact of
anomalies caused by open windows, electric heaters, and tenants who shut off their
radiators. Best practice: Install sensors in a representative sample of no fewer than 10% of
the apartments; this provides adequate redundancy while keeping costs reasonable. Best
practice: Install the sensors in apartments on different floors and lines to take into
account differences in temperature between upper and lower floors, sunny and shaded
sides, and windward and leeward sides of the building. Many EMS manufacturers offer

wireless sensors which can reduce installation costs.

The indoor sensors are used to calculate an approximate average building temperature,
which the EMS uses to control the boiler. In steam systems, this average temperature is
used to prevent unnecessary firing when the building's target temperature is already met.
That is, the apartment sensors “vote.” If enough sensors indicate apartments are warm
enough, the EMS keeps the boiler off, and if enough indicate apartments are too cool, the

EMS allows the boiler to fire.

In hot water systems, instead of turning the boiler on and off, the EMS uses the apartment
temperature data to adjust the outdoor reset curve. For example, if the outdoor reset curve
calls for a supply water temperature of 160°F , but the average indoor temperature is close
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to the setpoint, the outdoor reset curve
might be adjusted to provide supply
water at 150°F.

Most EMSs can be programmed to lower
the indoor temperature at night, which
can result in additional savings. We
recommend implementing night

setback, if permitted by code.

For both steam and hot water systems,
the primary result of implementing an
EMS is to reduce the average indoor
temperature. Keep in mind that the EMS
alone cannot supply more heat to
specific cold apartments nor reduce the
heat supplied to specific hot apartments.

Outdoor Reset Control

In buildings heated with hot water, the use of
outdoor reset curves can reduce overheating and
save energy by varying the temperature of the
water circulating through the building. In
general, as the outdoor temperature decreases,
warmer water is circulated. Actual water
temperatures required are building-specific.

Example: A building might require 140°F
circulating water when it is 55°F outside, but
180°F water when it is 20°F outside.

The outdoor reset ratio defines how much the
water temperature is increased per degree of
outdoor temperature decrease. For example, with
a 1:1 ratio, the water temperature is increased
1°F when the outdoor temperature falls 1°F. With
a 1:1.25 ratio, the water temperature is increased
1.25°F for every 1°F the outdoor temperature
falls.
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Introduction

In an effort to cost-effectively reduce building-wide overheating, some multifamily build-
ing owners choose to install an energy management system (EMS) to control the boiler.
The primary function of an EMS in multifamily buildings is to monitor indoor temperatures
using a network of temperature sensors and then to use that information to control the
heating system. This tech tip focuses on how to use an EMS to better contral the run time
of the boiler or the temperature of the water circulated through the building.

Background

Many multifamily buildings across New York State are overheated in the winter, In general,
the most severe overheating is found in buildings heated by steam and hot water. Fre-
quent causes of overheating are:

* degraded heating distribution systems
& inadeguate or improperly calibrated heating system controls
*  the complicated reality of heating multifamily buildings

Both New York State Code and New York City Code require a minimum indoor tempera-
ture of 68°F during the winter for multifamily buildings. For the purpose of this discussion,
we define "overheated” as anything above code minimum, but many building owners aim
for a minimum of 70°F to ensure tenant comfort. A range of temperatures is expected, but
temperatures more than 72°F are widely considered overheated.

There are many boiler control strategies used to maintain this minimum temperature, and
they vary widely in their ability to do so while conserving energy and keeping fuel costs
low. Many centralized boiler controls operate without any feedback from indoor tempera-
ture sensors, which limits their ability to achieve all three goals. Controls that allow the
tenants to adjust the amount of heat coming from a radiator, such as thermostatic radiator
valves (TRVs) or thermaostats, can reduce both overheating and tenant complaints, but they
can be expensive to install. They also typically rely on tenant cooperation to achieve sav-
ings. This can make them unappealing for energy conservation retrofits because savings
may be unreliable,

4 NYS and NYC Code “-\
Requirements

New York State — Heat supply. .Everyi
owner and operator of any building |
who rents, leases or lets one or more :
dwelling unit, rooming unit, dermitory |
or guestroom on terms, either expressed |
or implied, to furnish heat to the oocu- I
pants thereof shall supply heat during |
the period from September 15th to May |
31st to maintain a temperature of not |
less than 68°F (20°C) in all habitable |
rooms, bathrooms and toilet rooms.
(Section 602.3)

New York City — Heat must be sup-
plied from October I through May 31 to
temants in multiple dwellings. If the
outdoor temperature falls below 55°F |
between the hours of six am. and ten |
p.m., each apartment must be heated to
a temperature of at least 68°F. If the |
outdoor temperature falls below 40°F i
between the hours of ten pm. and six |
a.m., each apartment must be heafed to

a temperature of at least 55°F. (Multiple |
Dwelling Law § 79 Multiple Residence i
Law § 173; NYC Admin. Code § 27- |

2029) |
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Description of Energy Management Systems

Energy Management systems have two main functions that differentiate them
from other types of boiler controls:

First, many EMSs can monitor a wide array of data types and display the
data in a computer program or on a website. Depending on the model, data points
that can be monitored include domestic hot water temperature, fuel
consumption, fuel oil tank level, boiler stack temperature, boiler water usage,
and more.. Although these monitoring capabilities are often emphasized in
marketing materials and can be a useful tool forboiler operators. They do not
produce any energy savings by themselves. Action by the boiler operator is

required to turn of the information listed above into potential energy savings.
Second, EMSs use a network of temperature sensors to better control the

run time of the boiler or the temperature of the water circulated through the
building. One temperature sensor monitor outdoor air temperature. It deter-
mines whether the building should be heated at any given time, where on the

outdoor reset curve the boiler should operate, or which curve should be used.
Additionally a series of sensors is installed in a sample of apartments to monitor
the temperature inside the building.

Multiple temperature sensors are recommended to get an accurate picture of
what is going on in the building. Measuring temperatures in several
apartments reduces the impact of anomalies caused by open windows,
electric heaters, and tenants who, shut off their radiators, Best practice: Install
sen- sors in a representative sample of no fewer than 10% of the apartments;
this provides adequate redundancy while keeping costs reasonable. Best
practice:

Install the sensors in apartments on different floors and lines to take into
account differences in temperature between upper and lower floors, sunny
and shaded sides, and windward and leeward sides of the building. Many EMS

manufacturers offer wireless sensors which can reduce installation costs.

The indoor sensors are used to calculate an approximate average building
temperature, which the EMS uses to control the boiler. In steam systems, this
average temperature is used to prevent unnecessary firing when the building's
target temperature is already met That is, the apartment sensors "vote.” If
enough sensors indicate apartments are warm enough, the EMS keeps the boiler
off, and if enough indicate apartments are too cool, the EMS allows the boiler to
fire.

In hot water systems, instead of turning the boiler on and off, the EMS uses
the apartment temperature data to adjust the outdoor reset curve. For
example, if the outdoor reset curve call's for a supply water temperature of
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Outdoor Reset Control

In buildings heated with hot water, the use of outdoor
reset curves can reduce overheating and save energy by
varying the temperature of the water circulating through
the building. In general, as the outdoor temperature
decreases, warmer water is circulated. Actual water
temperatures required are building specific.

Example: A building might require 140°F circulating
water when it is 55°F outside, but 180°F water when
it is 20°F outside.

The outdoor reset ratio defines how much the water
temperature is increased per degree of outdoor
temperature decrease. For example, with a 1:1 ratio,
the water temperature is increased 1°F when the outdoor
temperature falls 1°F With a 1:1.25 ratio, the water
temperature is increased 1.25°%F or every 1°F the
outdoor temperature falls.

Sample Reset Curves
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160°F but the average indoor temperature is close to the setpoint, the outdoor
reset curve might be adjusted to provide supply water at 150°F,

Most EMSs -can be programmed to lower the indoor temperature at night; which
can result in additional savings. We recommend implementing night

setback, if permitted by code.

For both steam and hot water systems, the primary result of implementing an
EMS is to reduce the average indoor temperature. Keep in mind that the EMS
alone cannot supply more heat to specific cold apartments nor reduce the
heat supplied to specific hot apartments.
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Main Drawback of EMS

85 T Figure 2 shows the temperature in five apart-
| | | | | ments for a typical 24-hour period in a build-
ing without an EMS, Mote that at a few points
| I T 1 I | durning the day there i3 a difference of almost
EE— - 1 I ' ] .~ | 10°F between the hottest and coldest apart-

E ——_‘w
- : ' - Figure 3 shows the temperatures for the same
Lo e, BT L ﬁ'll! ﬂm m to m m “‘E

K“—-‘.——--‘——-——-—"J _ [ temperature profile might look like in the
\ 1 1 r ! 1 | same building on the same day if an EM5 was

Em e | g / | ] controlling the boiler. Note that all of the

]

— e ! ] apartment temperatures have decreased by
approzimately 2'F and the average building

| | [ | l || temperature has also decreased. The differ-
5 ence between the hottest and coldest apart-
—ApLA ——AptB —AptC ment is still nearly 10°F at some points. Also,
—AptD —ApLE ----Average Temp | the coolest apartment occasionally dips below
==Code Minimum Temp ——Desired Average Temp ] the code-minimum 68°F. If the EMS were to

T 1 I 7 T T

' decrease the indoor temperature further, the

= & = & & & & & & | temperature in Apartment A would no longer
{y ,ﬁ' h:;i’ q@ 459 ,j? ‘59 qt-P “.159 meet code.

- - Figures 2 and 3 illustrate the main drawback

Figura 2- Sample apariment temperatures in a building with no EMS. of EMSs: Because they are not able to direct

85 more or less heat to speafic apartments,

f some apartments will continue to be owver-

heated and some savings will be unrealized.

| ! | | Balancing the distribution system so that the

80 apartments are heated more evenly is there-

| | fore critical to mavimizing savings. Most heat-

__Wf\\'?': ing systems were designed to supply heat to

all apartments at approxmately the same
N E— — seem=====o. | time. Over the years, however, systems may
-"'"'----....______,.-.d—l--—-lnl-l-.---."".-‘r !

be altered and key components may degrade
or fail. The result is that heat may now reach
some apartments more slowly than others.
‘""“'--u.._‘_‘_ __// - - - | These heating imbalances can have many
—_ — causes, including failed or clogged air vents,
' | failed steam traps, sediment build-up in distri-

f

7

=

65 +— 1 i t 1 1 | bution pipes, removed radiation, removal of
ARt A —AptB ——AptC | wacuum pumps, and others.
—apt D —BptE --=-Bverage Temp :
y ; | Figure 4 shows what might happen to apart-
- -—Cnlde “nnur-n Temp ——Desired Mr? ‘Fe:lrn : : . i ple bui i

. an EMS were installed and the distribution
.aﬁp"* -5'55}‘* h&‘* “Q# {PQQ? ﬁ@‘} w,p"@ q,_;:-e‘. {k‘pﬁ system were balanced. Note the much smaller

range of temperatures between the
Figure 3: Temperafures in tha sample apartments, altered fo show the effect of instaling
an EMS on the boiler.

110




Energy. Innovation. Solutions.

111




Technical Topic - Energy
Management Systems

hottest and coldest apartments (4°F
maximum), and no significantly over-
heated apartments. Achisving maximum
savings with an EMS can only be real-
ized in conjunction with balancing the
distnbution system.

Predicting Energy Savings

To calculate potential energy savings,
you must first estimate and enter the
reduction in average building tempera-
ture into the building energy model In
a recent study of mid-nse steam and
hot water heated buildings, energy
management systems were successful in
reducing average building temperatures
in twelve out of fifteen buildings." The
average reduction in building tempera-
ture was 2.3°F for steam-heated build-
ings and 0.6°F for hot water heated
buildings (Table 1). However, even when
the boilers were controlled by EMSs,
between 67% and 100% of the apart-
ments in each building were found to
be overheated. As expected, there was a
strong positive comelation between how
overheated a building was without the
EMS operating and how much the aver-
age temperature was reduced by turn-
ing on the EMS. That is, buildings with
the highest average temperature when
the EMS was deactivated had the larg-
est reduction in average building tem-
perature when the EM5 was reactivated.
The study did not track fuel consump-
tion, so heating fuel and cost savings
result: must be extrapolated. & US.
Department of Energy publication from
20137 stated that overheating increases
annual heating energy consumption by
approximately 3% per degree Fahren-
heit per day. Using this DOE estimate
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Figure 4° Temperatures in our sample buiding adusted fo show what is fikaly to happen
whan an EMS is instalied and the distribution system is balanced.

Average Reductions in Building Temperature | Number of
Average Minimum Maximum Buildings
1-Pipe Steam 25°F -05°F 5.9°F 12
Hot Water 0.6°F -16°F 2.6%F 3

Table 1: Reductions i bufiding temperature achieved when the EMSS were activaled.

and the average temperature reductions found by Dentz, et al, 7% heating energy savings
for steam buildings and 2% savings for hot water buildings are likely when an EMS is in-
stalled in a building. EMS manufacturers predict at least 10% heating energy savings,
which they claim is conservative, from upgrading boiler controls from an outdoor reset to
an BM5. Compared to the temperature reductions achieved by Dentz, et al, 10% heating
energy savings should not be considered a conservative estimate but it may be useful in-
stead as an upper himit for achievable savings.

‘Dentz, )., Varshney, K, and Henderson, H. (2012}, Overheating in Hot Water- and Steam-Heated Muttitamily Buildings. The full text of this study is
available online in the Building America Program Publication and Product Library.

U5 Department of Energy. (2013, 11 26). Thermostats, Retrieved 19, 2014, from Energy.gov: hittpy/energy.gov/energysaver/articles thermostats -and-

control-systems
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Modeling Protocols for Implementing EMS on Heating Systems in Multifamily Buildings

The following modeling protocols are intended to help energy modelers accurately and conservatively caloulate potenbal savings
from implementing Energy Management Systems on steam and hot water systems.

On/off control only;
no outdoor reset

Mote that outdoor reset for steam
systems is defined as a conirol that
adjusts the length of the steam cycle

as the outdoor temperature changes.

Quidoor reset;
heating imbalances observed

Outdoor reset;
heating imbalances obsarved

Dutdoor reset;
no heating imbalances

HOT WATER SYSTEMS

Proposed

Qutdoor reset

EMS with indoor lemperature se
sors; distribution imbalances not
dressed

EMS with indoor temperature se
sors; distribution balanced

EMS with indoor temperature sensors

| Modeling Protocol - Steam

Model as a temperature reduction. Do not model
“outdodr resel” as this optioh only applies o hit
water sysiem or vacuum steam systems. Must
provide details of existing controls and evidence
that ouidoor reset is not cumently being ufilized.

1°F maximum temperature reduction

"_

ad- 2°F maximum temperature reduction

M=

3*F maximum temperature reduciion

3'F maximum temperature reduction

Onloff control onky,
no outdoor reset

Outdoor reset

Outdoor reset and EMS with in-
door temperature sensors

EMS with indoor temperaturs

SEeNsons

Modeling Protocol — Hot Water

Model as outdoor reset control on hot water loop. Must
provide defaills of existing controls and evidence that
outdoor resel is not curmently being utilized. System must
be able 1o operate with outdoor resat (condensing boilers
and/or bollers separated from healing loop)

Additionalty, model a temperaiure reduction of 1*F maoi-
mum if the outdoor reset cunve (i.e. the hot water loop
sat point) will be adjusted based on feedback from apart-
ment Sensors.

Model as a temperature reduction if outdoor reset curve
(ot water loop set point) will be adjusted based on feed-
back from apariment sensors

1°F maximum temperature reduction

MNote: Steam boilers that supply a hot water loop are to be considered a hot water system.
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Best Practices to Achieve Savings

Energy management systems can reduce heating energy use in multifamily buildings. Taking the following steps will help maximize
savings.

1. Identify pre-emsting temperature control problems.

Meazure and record building temperatures in a vanety of
apartments during the heating season. Interview the su-
perintendent, manager, owner, and residents to gain an
understanding of heating issues in the building.

Evaluate loads on the building. Determine whether there
are other factors causing the apartments to be over- or
under-heated such as zolar loads, wind loads, removed
or aversized radiators, ete.

Gain a general understanding of the distnbution system
layout. Then look for patterns in heating imbalances.
Consider implementing comprehensive rebalancing if
heating imbalances are observed. Savings will be imited
without rebalancing.

Identify all components of the existing boiler control
system. Make sure that the existing controls are unable
to provide indoor temperature feedback., Determine
whether night setback and outdoor reset controls are in
place.

Model predicted savings using the modeling protocols
abowve.

Review the plan for the new controls, including a cansful
examination of sensor locations, set points, and zones.
Ensure that the proposed EMS provides a significantly
different control strategy than the old control system;
otherwize, savings will not be achieved. In 2-pipe and hat
water systems, sensors should be installed in no fewer
than 10% of apartments and on a variety of floors and in
a vanety of apartment lines. In 1-pipe steam systems,
sensors should be installed in no fewer than 25% of

Conclusion

apartments and on a variety of floors, and there must be
a sensor in the apartment at the end of 2ach stzam line.

Inspect the installation. Ensure that the sensors are locat-
ed in apartments that represent average building tem-
peratures and that they are inztalled on intenor walls, out
of direct sunlight, and away from sources of drafts or
heat.

Review the EMS settings; make sure they have been ad-
justed to reflect the needs of the building. Note that in
general, the target setpoint for the EMS will need to be
several degrees warmer than the minimum temperature
required by code to ensure that the coldest apartments
meet code. If you are working in a building where ten-
ants are likely to resist a temperature change, consider
reducing the temperature slowly, across several months,
Alzo conzider adjusting the temperatures seazomnally, to
be warmer in deep winter and cooler in the fall and
Spring.

. I balancing work was performed, create a plan for con-

tinued maintenance. Train building staff on how to main-
tain the distribution system.

Train staff thoroughly on how to properly operate the
new EMS, or consider restncting their access to the con-
trols. if the building does not currently have a protocol
for addressing tenant heating complaints, develop one
that invalves comecting all other potential reasons for
low temperatures before turning up the EMS setpoints.
Emphasize that staff should not overnde the system or
increase the temperature in the whole building just be-
cause of a single tenant complaint.

Energy management systems can be an effective tool for reducing the high average temperatures often found in multifamily
buildingz and they can lead to substantial energy and cost savings. It is important, however, to understand the capabilities
and himitationz of EMS controls. EMS: cannot correct temperature differences in apartments that are caused by heating sy=-
tem imbalances; as a result, the overall temperature reduction possible in a given building is limited by the temperature of the
coldest apartments. In order to maximize savings, comprehensive balancing work must be performed in comjuncion with an

EMS installation.
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LED lighting efficiency iz advancing rapidly, which can be challenging when predicting energy savings and specifying upgrades . This
tech tip is intended to help energy auditors avoid insufficient light levels or over-predicted energy savings. Fixture efficacy is defined
as usable lumens per watt, and a familiarity with the efficacy ranges for light fixtures currently available will help auditors make
reasonable assumptions when comparing LED fixtures to traditional lighting technologies.

LED fixtures can be more efficient than comparable fluorescent and high intensity discharge (HID) fixtures. However, as shown in the
following graphic, there is significant overlap in fixture efficacy: some flugrescent and HID fixtures are more efficient than some LED

fixtures.

Typical Efficacy Ranges for Different Fixture Types

Indoor / Low-Lumen

0 20 40 60 80

100

Efficacy (Lumens/\Wait)

Qutdoor / High-Lumen

will be maintained.

120

140 160

When replacing fluorescent or HID
fixtures with LEDs, if the efficacy of
the existing fixtures is unknown, then
a wattage reduction of no more
than 1/3 should be assumed.

For example, for a generic 150W HID
fixture, assume 100W for the LED
upgrade.

This reduction is based on a
comparison of LED, HID and
fluorescent fixtures for a range of
fixture types and wattage levels, and
assumes that the existing light levels

» Existing light output and how measured

» Existing wattage and how measured

» Make and model number of fixture, lamp, and ballast

» NModel number
+ Wattage
« Mean lumen output

Cut sheet with following information

LED fixtures are more efficient in part because their directionality
allows a higher percentage of the light to reach the intended
surface. There is less of the wasted light that is characteristic of
non-LED lighting types. This increase in illumination efficiency is
built into the rated wattage and lumen output that are provided in
LED fixture cut sheets and is accounted for in the 1/3 wattage
reduction recommendation in this tech tip.

Energy auditors frequently overpredict energy savings from
replacing fluorescent or HID with LED lighting by basing
calculafions on fixtures with significantly lower light output than
the existing fixtures. If implemented as specified, insufficient light
levels will typically be the result. Without evidence of significant
owver-lighting, reductions in light output should not be included as

part of energy savings projectiong from LED retrofits.
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To find data about certified lighting products:

+ Residential fixtures (LED and CFL) — ENERGY STAR
Certified Light Fixture Product Finder:

hitpJff mp/EstarFixtures

# Screw-in bulb replacements (LED and CFL) — ENERGY
STAR Certified Light Bulb Product Finder:

httpoifj mp/EstarBulbs

» Commercial fixturezs and bulbs (LED Only) — Design
Lights Congortium — Qualified Products List:
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Appendix F: Technical Topic-Elevator Energy Use and

Other Essentials

This tech tip provides an overview of the energy consumplion of
elenvators in multifamily buildings. Methods for estimafing usage
are discussed. Mvamwmwnsm“r&

viewed. Existing codes and standards goveming elevator ener-
gy consumption are summarnized. The relative eficencies of
elevator drives and controls are given; and finally, several meth-

ods of reducing elevalor energy consumplion are presented.
ELEVATOR ENERGY CONSUMPTION

Elevator energy consumpition for a specific building i difficult to
estimate. Even when the type and size of the motor can be
determined, the actual consumption depends on many vana-
weights of the load and counter balance, speed of travel, etc.
The literature on elevator energy consumption says that eleva-
tors consume 2-10% of whole building electricity usage. This
range Is not differentiated by bullding type, and it s likely that
edevators in office builklings consume more electricity than ele-
valors in muitifamily buildings.

Best pracfice for determining the electricity consumption of a
specific elevator is to monstor its elecincity consumption for sev-
eral weeks using data logging equipment that can record actual
enengy consurmplion. This is especially important when claiming
enengy savings from elevator improvements.

In general, elevators use relatively smail amounts of electncity
in multitamily bulldings. For exampie, in the Energy Star Mult-
family High Rise Program, if elevator consumption is not calcu-
lated by a model, the Simulation Guidelines provide the follow-
ing as the total energy consumption for all elevators in the build-
ing (Tabde 1).

Geared
Traction

Gearless

#of  Hydraulic Traction

apts. (1-6stonies) 5 59 ciories) (214 stories)

<7 1,910 NA NA
7-20 2,150 NA NA
21-50 2,940 3,150 NA
S04 4,120 4,550 7,570

Table 1- Annual Elevator Energy Consumplion
(kVhirear)
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Researchers in the European Union measuned the electricity
consumption of 30 elevators in multitamily buildings and found
those elevators consume 600-6,800 KWhiyr." More interest-
ingly, they found that the energy consumption when the eleva-
tors were in standby mode (i.e. when the cab was not in mo-
fion) accounted for an average of T0% of the total annual en-
engy consumption and vaned from 15 to 90%. They measuned
elevator standby power in multifamily buildings to be 50-
TOOW. Significant amounts of electricity are being consumed
when elevators are not being used, and potential savings are
substantial *

IDENTIFYING ELEVATOR SYSTEMS

Elevator systems can be dassified by the type of hoist mech-
anism. A hydraulic elevator is rased by a column of oil pres-
surized by a pump. A traction elevator is raised by wire ropes
(cables) wrapped around a pulley tumed by a motor.

Hydraulic Elevators

In a hydraulic elevator, the cab sits on a piston that is raised
and lowered by pressunzed hydraulic fuid. In general, an AC
mator is used lo tum a pump that pressunzes the resenvoir of
hydraulic fusd to raise the cab. To lower the cab, a relief valve
is opened to decrease the pressure in the fluid. Hydraulic
elevators only use energy when the cab is being raised.

Hydraulic elevators are very common in buildings up 1o six
stones and are almos! never seen in taller bulldings. They are
characterized by slow up and down movement. The best visu-
al clue for identifying a hydraulic elevator is that the machine
room will have a large tank that will nomally be identified as
containing hydraulic fluid. Hydraulic systems can also gener-
ally be identiied by the absence of an elevator room af the
top of the buikeng, especially in older buiklings, but that is not
an absolute. Machine room-ess traction elevators (described
below) also lack an elevator room at the top of the building, so
espacially in newer buildings, the absence of a machine room
at the top of the building does not always imply a hydraulic
elevator,

Hydraulic elevators use the most electricity per trip of any kind
of elevator. However, they are ofien instaled because they
have a lower installed cost than traction elevators.
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Traction Elevators

The cab of a traction elevator is suspended from wire ropes
that wrap around a pulley. The pulley is driven by a motor that
uses either alternating current (AC) or direct current (DC).

DC Traction Systems
When an elevator is moved by a DC motor, the DC power is
supplied by either a motor-generator set or a reclifier.

DC motor with a motor generator set; A motor-generator
sef (aka *MG set” or “gen set”) is an AC motor coupled to a
DC generator to produce DC power. The DC oulput is used to
power the elevator controdler and a DC motor that tums the
pulley to raise and lower the elevator. DC power was hisfon-
cally used because it is easy to vary the speed of the motor
and elevator.

l-i DC motor

AC motor

with
generator

_. (MG set)
™y
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The visual clue for a DC motor with a motor-generator set is
that there are two separate large devices per elevator in the
elevator machine room. The motors connected to the hoist
may be stamped “DC" on the nameplate. Motor-generator sets
will often have nameplates labeled “motor generator” or will list
AC volts and current as “inputs”™ and DC volts and curment as

DC motor with rectifier: A rectifier is another method of
providing DC power. Rectifiers convert AC power to DC pow-
er. Figures 2a and 2b show two different types {(and ages) of
rectifiers.

Controller

Figure 1: Examples of mofor generator zefs—DC motors and elevator confrolflers

Elevators with DC motors and motor-generator sets are gener-
ally found in buildings over 30 years old. This is the least effi-
cient traction drive system. The motor-generator set draws as
rmuch as 12% of full load power when the motor-generator is
idiing and the elevator is not moving.* Motor-generator sets
are often equipped with automatic timers to limit idle time to 3-
10 minutes, but can idle continuously if there is no timer or if
the timer is not funcioning cormectly. (See section on Energy
Conservation Measures for more information on timers.)

If there is no old-style rectifier in the elevator machine room, a
good way o determine whether the motor is AC or DC is to
look at the nameplate on the motor attached to the elevator
hoist. These nameplates are often stamped with “AC” or “DC."
Also be sure to open the controller panel 1o see if there is an
SCR inside.
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Figure 23- Recifier, nof soiid sate. This old-siyle rectifier is
roasghly the size of an under-counter refigesion

AC Traction Systems

AL sysiems have no motor-generator set or reciifier. Instead,
an AC motor drives the hoist puliey (or the hydraulic pump, as
described above). Elevators that use AC motors have many
variations, including what kind of controiz ane used, and
whather there are gears between the motor and the pulley.
Mote that it may not be simple — or necessary — to idenftify the
specific type of AC elevalor system. [f that information is re-
quired, you may need 1o ask the building maintenance staff,
review product iterature if any can be found on-site, or call the
elevator maintenance company.

Geared vs gearless: Traction elevators can be further

classified as being geared or gearless. A geared system has
reduction gears between the shaft of the drive motor and the
puliey that rases and lowers the cab. In a gearess elevator,
the shaft of the drive motor i5 connected directly to the puliey.
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Figure 2b: Bevator conirol with 5old shafe recifier—ihe controller
panel has been opened fo show the infenor  Siicon-conirolied
recifiers (SRS are 3 common form of solid sisie reciifier The
SR sanes the same function a5 the oider-siple rectifier (Figure
2Zal.

There are inherent losses in a system with gears, 50 geaned

elevalors are less efficient and slower than gearless elevators.
However, a direct connection between the mator and the pul-
bey requires large amounts of tongue at low speed, necessital-

ing a higger mokor for gearless elevaiors.

Until recently, larger motors for gearless elevators have been
considerad cost effective only in tall buildings (more than ap-
proximately 20 floors) with high elevalor speeds. Recent devel-
opments in elevator technologies, including the development of
permanent-magnet molors and new cable maternials that

allow for a smaller pulley, have made it more cost-effective o
install gearless systems in new buildings of all heights.
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AC motor control systems: Without the ability to vary the
speed of the motor, an elevator cab expenences jerky move-
ment as it starts and stops. Historically, it was more difficult to
vary the speed of an AC mator tham of a DC motor. As power
distibution standardized on AC, motor-generator sets were
used in elevator installations to take advantage of the easily-
controlled DC motors. But as discussed above, motor-
generator sets are inefficient.

For approxdmately the last 20 years, many elevator installa-
tions have used variable voltage vanable freguency VVWF)
controls that allow the speed of AC motors fo be varied. (See
Figure 3.) More recently, a method called pulse width modula-
fion has been developed. it uses power fransistors that are
rapidly cycled on and off to conirol the speed of the motor,
Pulse wadth moduiation can be used for DC or AC motors, but
in elevator applications it is more common on AC motors.

Figure 3: AC modor with VIVF conirol

Regenerative braking: In order fo reduce the power need-
ed Io move an elevator cab, a counterweight is hung from the
cable on the opposite side of the pulley. Counterweights typl-
calty weigh as much as the cab plus half the capacity of the
elevator. Therafore, when there ane fewer than two or three
people in the cab, more enengy is needed to lower the cab
(and to raise he heavier countenweight) than to raise it. When
the heavier side needs o be lowered, its decreasing potental
energy is nomally dissipated as heat. With a regenerative

braking system, the polential energy can be converted to elec-
tricity that is fed back to the building's electrical system, there-

by reducing the amount of electncity purchasaed from the utility_
Regenerative braking is expensive and therefore s not a com-
mion option in elevator upgrades but rather is used pamarily in
new construction. Elevator systems with regenerative braking
are fhe most efficient curmently available.

Machine room less (MREL) elevators: A recent development
in elevator systems is to mount the elevator motor in the hoist-
way, which eliminates the need for a penthouse. In the United
States most MRL elevalors have been installed since 2000 and
are therefore most common in new buildings or existing
buildings that have undergone major renovations. MRL eleva-
tor systems make the replacement of a hydraulic elevator with
a traction elevator less costly than a traditional raction instafla-
ticn, which would require a machine room be built on the roof.

CODES AND STANDARDS

In the East five years, several organizations have published
standards on the energy consumpfion of elevators. While nong
of these i cumently required in the US, they are useful for de-
termining how o make elevators more efficient. They can also
e used to specify the most energy efficient opbions for a varie-
ty of elevator components when designing an elevator installa-
tion or upgrade.

ASHRAE 90.1: Prior to 2010, elevators were considered an
unreguiated load in the ASHRAE 90.1 standard, and therefore
no guidance for energy efficiency improvements was given.
However, ASHRAE 90.1-2010 addresses the standby enengy
used by elevators a5 a regulated load. Section 10.4 .3 defines
the enengy consumption of three parts of the elevator:

10.4.3.1 Lighting — All cab lighting systems shall have an effi-
cacy of not less than 35 umens per watt.

10.4.3.2 Ventilation — Cab ventilation fans for elevators without
air-conditioning shall not consume aver 0.33 WICFM at maod-

mum speed.

10.4.3.3 Standby Mode — When stopped and unoccupied with
doors closed for over 15 minutes, cab interior lighting and ven-
tilation shall be de-energized until required for operation.
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2015 Intermational Energy Conservation Code (TECC):
Section C405.9 of fhe |IECC has identical requirements to Sec-
tion 10.4.3 of ASHRAE 90.1. In addition to those requirements
that directly affect elevator energy consumption, the IECC also
has several requirements about arsealing the elevator shaft

1. Doors to elevator lobbies shall be gasketed or weather-
siripped. (Section C402 5 4)

2 Elevator shaft vents shall be provided with a motonzed
damper that is automatically controfied to be closad
whenever possible. (Sections C402.5.5 and C403.2.4.3)

2072 International Green Construction Code (igCC): Sec-
tion 609.2 1 of the IgCC gives several requirements for eleva-
tor energy consumpton. The requirements for lighting (Section
509.2.1.1) and ventilation (Section 609.2.1.3) are identical to
ASHRAE 90.1 Section 10.4.3. The IgCC gives additional guid-
ance for the following pars of the elevator

608.2.1.2 Power conversion sysiem for fraction elevaiors:

609.2.1.2.1 Motor — Induction motors with a Class IE2
efficiency rating, as defined by |IEC EN 60024-30, or alter-
native technologies, such as permanent magnet synchno-
nous motors that have equal or better efficiency, shall be
used.

609 2 1.2 2 Transmission — Transmissions shall not re-
duce the efficiency of the combined matorfiransmission
below that shown for the Class IE2 motor. Gearless ma-
chines shall be assumed to have a 100-percent transmis-

609.2.1.2 3 Drive — Potential energy released during mo-
tion shall be recovered.

6092 1.4 Standby mode — When the elevator is stopped, not
displays shall be capable of being de-energized within 5
minutes of stopping, and re-energized prior o opening the
doors. Power shall ceasa fo be applied to the door motor after
the elevator is stopped, ighting is de-enemized, and no one is
in the cab, and re-energized upon the nexd passenger amval.
In buildings with multiple elevators senang the same floors,
ol less than hall of the elevators shall be capable of switching
to sleep, low-power mode, during penods of low raffic.

NEWYORK | NYSERDA
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609.2.1.5 Guides - Blevaior car guides shall be of the roller
type, in order o reduce frictional energy losses. Counter-
weights with sliding guides shall be balanced in arder to mini-
mize frictional losses associated with the countenweight
Quides.

VW 4707 The German association of engineers, Verein
Deutscher ingenieure (VDI), published VDI 4707 in 2009 (Part
1) and 2013 (Part 2). These comprehensive guidelines cover
all parts of elevator energy consumption, including the percent-
age of time that the elevator is in motion, how much energy the
elevator consumes in both standby and travel modes, and how
to measure and calculate electncity consumption. The guide-
ines divide elevators into classes based on how much enengy
they consume. Classes are [abeled A-G, with A using the least
amaount of energy. Table 2 gives the enengy demand for each
class for both standby and travel mode.

Class Standby power [watts) lﬂf;:::‘hzzwr::
A =50 =08
B =100 =12
C = 200 <18
D = 400 =27
E = 800 =40
F = 1600 =6.0
G = 1600 =6.0

Table 2: VDI 4707 Energy Demand by Glaszs

IS0 25745: This standard is reportedly similar in scope to
VDI 4707 *
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RECOMMENDED ENERGY CONSERVATION
MEASURES

Replacing elevator drive systems for energy savings alone
has not been shown to be cost-effective (that is, to have a
savings-to-invesiment ratio greater than 1.0). There are two
issues: first, elevators do not use very much electncity, and
therefore even elevator replacements that sawve 40-60% of the
total elevator electricity consumption will only save an estimat-
ed Tew thousand kilowatt-hours per year for a single eleva-
tor.™ One study of an elevator replacement in 2 hotel found a
reduction in enengy consumption of 45% and calculated annu-
al savings of $500/year (at 50, 10&Wh).* This was a best-case
replacement whene the existing system was very inefficient
and they were able to install a very efficient replacement.

The second issue preventing elevator replacsments from be-
ing cosi-effective is that it can be very expensive o upgrade
an elevator. Elevators ane most often designed systems - not
off-the-shelf equipment. Ao, a renovalion can trigger code
requirements that necessitate significantly more construction
than simply swapping out the mater and controls. For exam-
ple, n some jurisdictions, an elevator replacement can tnigger
the requirement that every landing be made accessible for
people in wheelchairs, which includes lowering the elevator
call button on each floor by several inches. I an elevator ener-
gy upgrade is planned, we recommend checking with an ele-
vator consultant when formulating the work scope. A very
rough guide for elevator upgrades is fo budget $15,000 per
fioor per elevator.”

The low enengy savings and high cost of renovation often re-
sult in very long payhacks for elevator upgrade measures. For
exampke, installing a machine rmom-less elevator in new con-
struction and existing buildings can have a payback as long as
23 years and 60 years, respectively?

Elevators are sometimes replaced because they reach the
end of their useful ife, or because a building is undergoing
substantial other renovations. In those cases, and in all new
construction, it is prudent to consider installing a high-
efficiency elevator system. Just like there ane many facton
ihat affect elevator enengy consumption, there ars several
parts of the elevator system that affect the overall efficiency:

+« Hoist mechanism — hydraulic elevators should be avolded
as they are e least efficient, and least resiient, type of
elevator. Machine room-ess elevators may be a good
opiion for replacing hydraulic elevators, although they are
more expensive o install,

NYSERDA

s Drive motor eficiency — a high-efMiciency drive motor
shoutd be installed. The table below shows the efficiency
of a vanety of common drive motor types.

Mo With

regeneration  regeneration
|_generator set
Geared AC mator 224 198
Gearless AC motor 124 60
Permaneni magnel 119 35
SYNCIMONoUS Molor

« Control type — the controls should be the most efficient

possible. Figune 4 shows the possible energy savings for
varous controds.

Two-rpeed induction motor

Ge pred VWIF detee

i L SR il
Coarmd ATV drrvy ]

f===_as =

———

Gearkess W deme withows
regneration
Gearess YWVF deve with
iegpranion =
% 0w AN - s 100

Figure 4: Average energy consumplion relative fo & wo-spesd induc-
thon motor'™®
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«  Machine room-less (MRL) elevators — MRL elevators are
considered the most efficient available technology. They
use several advances o reduce eledricity consumpition,
including exiremely efficient motors and new cable matern-
als that allow for smaller pulleys and reduced torgue re-
quirements. MRL elevators are able to usa much smalker
motars: a low-rise MRL elevator meght require a 10 HP
mator, where the equivalent traction or hydraulic elevator
wollld require a 40 HP or 60 HP mator, respectively. Also,
ihe lack of a machine room eliminates ihe need for an air
conditioner in the machine room and also reduces stack
effect and infiffration losses.

« Regeneration — from the table and figure above, it is clear
that regeneration can save considerable energy. Howey-
er, it is expensive 1o install and therefore should be evalu-
aled for appropnateness for each elevalor system individ-
ually.

As mentioned above, the standby energy consumed when the

cah is stationary can account for well over half of the total en-

erqy consumed in many multifamily buildings. Also, reducing
standby enengy can be significantly less expensive than re-
placing an entire elevator. We therefore recommend consider-
ation of the following measures in any bullding with an eleva-
for.

«»  Motor-generator sets — elevator systems with motor-
generator sets have especially high standby power con-
sumption because of the electricity usad by the motor-
generator set when it is iding. Motor-generator sels
should be placed on a timer that tums the MG set off after
the cab has been stationary for 5-10 minutes. Sometimes
timers exist but are not working; this shouid be verified on
site.

«  Cablights — replace existing lights with high-sMciency
fuorescent or LED fidures. The minimum efficacy should
be 35 lumens per watl. Insiall an occupancy sensor in
each cab to tum the lights off when no one is in the aleva-
tor,

«  Cab veniilation — a fan in the elevator cab is generally not
required by code, 50 it should be disconnecied or re-
moved. If building management is uncomfortable remoy-
ing the fan, connect it io an ocoupancy sensor 5o it only
mns when there ks someone in the cab. Make sure the fan
uses a maximum of 0.33 Wicim.
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Door operators — the elevator cab doors must stay cosad
when the cab is in mobon. Some systems use a stalled
mator to hold the doors closed, which means that enengy
is being consumed all the time.™ Any system that uses a
stalled moior should be retrofit with a mechanism that
does not requine constant energy.

Shafl airsealing — elevators act as large air pumps, push-
ing a considerable voiume of conditioned air out of the
building each time they move. This loss of conditioned air
can be minimized in several ways. For example;

= Ajrseal the machine room. If louvers are required
by the local fire code, install motorized louvers
that remain closed until smoke is detected.

=  Reduce the open area around the elevator ca-
bles where the cables pass through the machine
room foor to the minimum required by code.

= Weatherstrp the elevator doars at each floor.

Elevator machine room cooling — some elevator control
systems require that they not get too hot, so many eleva-
tor machine rooms hawve air conditioners. However, eleva-
tor machine rooms often have ouvers to the outside,
which means the air condiioners run all the tme in the
warmer months. Furthermore, in manmy maching rooms the
air conditioners are st o temperatures that are much
loweer than required by the equipment. Reduce the amount
of enengy needed for cooling the machine room by:

* Airsealing the machine room a5 descnbed
above.

= Confimming with the elevator control manufacturer
ihe maximum allowable temperature and setiing
ihe AC thermostat to just a few degrees below
that temperature,

= [If motorized louvers are installed in the machine
room wall, use them as an economizer to take
advantage of days when the outside temperature
is cooler than the temperature in the nmachine
FOO.

I buildings with hydraulic elevators, the relevant recommen-
dations above should be investigated. Additionally, the follow-
ing measures should be considerad:
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Trip speed — Reduce the speed of the cab as it travels |
and increase the speed of the cab as it travels down. Thi
round-trip travel time does not change. A smaller motor

can then be installed, and savings of 20% are possible. "

VVWVF drive on the pump modor - Using a VWV drive on
the pump motor can reduce the amount of electricity con
mymmmmmmmun
maotion.  Starting cument is also reduced. VWWF drives
increase the amount of enengy used in standby mode,
however, so they need o be canefully compared fo a sin
ghe-speed motor, espadally in buikdings with low elevato
usage.

Hydraulic accumulators - instead of the potential anergy
of lowering the cab being dissipated as heat, it can be
stored in a biadder type hydraulic acoumulator. The accu
mulator releases the energy back into the system o help
raise the cab. Manufacturers claim savings of T0% when
the cab is in motion.
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Indoor Temperature

There are two important steps to take when modeling indoor temperature reduction as an energy
efficiency measure:

1) Determine a realistic assumption of the existing average indoor temperatre.
2} Deternune a realistic assumption of the new average indoor temperature and whether the
technology proposed can achieve that temperature.

Assumeil existing temperature (before the improvement)

If yvour model assumes an average mndoor temperature of 73 F or ugher for a majonity of heated areas,
then it should be supported by a record of indoor temperatures measured from multiple locations in the
building. It 1s usually not realistic to assume 75 F or higher for the entire building based on only 2 or 3
temperature measurements, even if the building management claims that the building 1s overheated.

Assumed indoor temperatures resulting from the improvement

The following table illustrates the likely average indoor temperatures in buildings that allow resident
controlled temperature, such as installing resident-controlled thermostatic radiator valves (TEVs) or

programmable thermostats.
Building Tvpe Tvpical Min. Temp.
Master- metersd heat TAF
Tenant-paid heat T2F

If you recommend an improvement that includes a specific upper-linut to indoor temperatures, such as
range-hmited thermostats, then the improved indoor temperature should be modeled as no less than the
upper liimt Also keep m mmd that blding managers may mcrease the upper hmmts to 72 F or hugher
for the following reasons: reduce resident complamts, increase marketability, reduce resident turnowver,
reduce vandalism of range-limiting equipment by residents, reduce usage of electric space heaters by
residents.

Summary

1. fresidents are provided unlumited apartment-level control over heat, the seasonal average
indoor temperature will rarely be below 74 F in buildings with owner-paid utilities or 72 F i
buildings with resident-paid utilities.

2. Buildings that are reportedly overheated are typically overheated only in some sections of the
building. The overall average temperature for the entire building 1s typically not found to be
meore than 76 F in buildings with owner-paid wtilities.

3. Replacement of non-programmable thermostats with programmable thermostats will likely
generate zero energy savings, especially if utility bills are not paid by the residents.

This information is provided as a summary to the Technical Topics discussion in March 2008
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Summary

Proper charactenization of the building envelope 1s crifical to any energy reduction plan that includes
changes in insulation. This Tech Tip describes how to calculate the effective U-value of a building
assembly and discusses de-rating insulation.

Calculating the Effective U-Value of a Building Assemhbly 2a of a

Many people are more familiar with R-values than with U-values because msulation comes labeled with
R-value ratings. R-value expresses the resistance to heat transfer. The U-value is the rate of heat transfer
per umit area per degree of temperature difference, and is the inverse of the R-value. That 1s, U=1/R and
R=1/U.

If different cross-sections through a building assembly such as a wall, roof, or floor have different R-
values, the effective R-value for that surface must be calculated by first calculating the U value of each
different cross-section. TREAT and eQuest offer libraries with R-values for different bulding surfaces.
Here 15 how those R-values can be calculated for a wood frame stucco wall with nominal 27 x 4™
framing. 3 57 fiberglass batt msulation.

The R-value at a cross-section through the Matenal R value' of the
insulation is higher than the R-value of the Outside air film 0.17
msulation itself: Stucco 0.08
Gypsum board 056
Bait mnsulation {(nomunal rating) | 11.00
Gypsum board 0.56
Inside air film’ 0.68 ant wall,
Total R 13.05 1 a
U value 0.08 2ndard
The R-value of a cross-section at the fraimng Matenal R value'
1s lower than the R-value of the insulation. QOutside air filmy 017
Stucco 0.08 ailable
Gypsum board 0.56 vare at
3.5” wood (nominal 27 x 47) 438
Gypsum board 0.56
Inside air film™ 0.68
Total R 643
U value 0.16
ion that
3 to Oak

! Rvalues for insulation and building materials can be found in ASHRAF Fundamentals as well as many sources on the
Internet. all/floor,
* Different modeling tools handle air fitms differentty. For TREAT, calculate R-values without interior or exterior air films,

as they will be added later. For eQuest, omut the exterior air film from your calculation. For other tools, consult your manual.

This information 15 provided as a summary to the Techmical Topics discussion m November 2008
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Construction type Material %of
surface
area
Attic roof with,wood joists, Full-depth 85%
Standard framing (insulation insulation Half- 5%
tapers at perimeter) depth insulation 10%
Joists
Attic roof with wood joists, Full-depth insulation 90%
Advanced framing Joists 10%
Single-rafter roof (ceiling and Full-depth insulation 90%
roof attached to the same Joists 10%
rafter)
Wood-framed walls, Insulated cavity 75%
Standard framing Studs, plates andsills 21%
(16” on center) Headers 4%
Wood-framed walls, Insulated cavity 78%
Advanced framing Studs, plates: and 18%
(24” on center) sills Headers 4%

NEW YORK
STATE OF
OFPORTUNITY.
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This information .is provided as a summary to the Technical Topics discussion in November 2008
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Metal Wall Studs

The attached table reproduced from ASHRAE Standard 90.1-2004, Appendix A presents
measured R- values for wall insulation installed between steel framing. Metal framing
presents a special situation because of the metal’s high thermal conductivity. To calculate
the U value for a wall with metal studs, use the R-value of the rest of the wall assembly
(e.g. masonry, interior gypsum board, interior and exterior airfilms), using the procedure
described previously.

TABLE A9.2B  Effective Insulations/Framing Layer R-Values for Wall Insulation Installed Between Steel Framing

Nominal Depthof  Acral Depthof  Rated R-Value of  Effective Framing/Cavity R-Value  Effective Framing/Cavity at
Carity (in) Cavity (im.) Airspace or Insulation af 16 in. on center 24 in. om center
Expty cavity, po msulation
4 15 R-0.9] 079 081
Insulaed Cony
4 33 R-11 i3 6.6
4 335 R-13 6.4 12
4 35 R-15 A 18
6 6.4 R-19 il Y]
L] 6.0 -2 14 8.0
L 8.0 RS 15 8.6

The table below excerpts ASHRAE Standard 90.1-2004, Appendix A, Table A9.2A, which
provides measured R-values for metal framed roofs. As with metal-framed walls, you
should add the R-values of an films and construction material to this base value.

Effective Insulation/Framing Layer R-Values for Roof and Floor Insulations
Installed Between Metal Framing

Rated R-Value of Insulation Framing/Cavity R-Value
11.00 10.01
19.00 16.34
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38.00 28.12
55 36.85

If your insulation is an intermediate R-value between those provided in the table, it is legitimate to interpolate

between the framing/cavity R-values shown in the table.

125



23. Appendix I: Technical Topic—Cut Sheet Requirements

23-124



NEW YORK

STATE OF
OPPORTUNITY.

NYSERDA

Cut Sheets: Defined

As part of a project's participation in the Multifamily Perfor-
mance Program (MPFP), cut sheets are required to be submit-
ted for each energy conservation measure completed. Details
regarding this requirement can be found in the Inspection
Request Documentation Reguirements, included in the MPP
Comprehensive Option Guidelines.

A cut sheet, also known as a data sheet, technical data sheet,
and/or specification sheet, is a document that summarizes the
information and characteristics of a product, material, or piece
of equipment. Cut sheets are frequently used in the construc-
tion industry to venfy that a product will meet the require-
ments of a project, which are listed in the specifications, de-
sign drawings, andior scope of work. Verifying that the re-
quirements are met is especially important for energy efficien-
cy projects, where energy savings are dependent on the cor-
rect products being installed.

Cut sheets are developed by manufactur-
ers and typically list a variety of character-
istics about the product, including at least

some of the following:
® General Description
* Benefits

s Applications

* Features

* Physical Properties

* [nstallation Guidelines

* Technical Specifications
* Ratings

* Certifications

* Conirols/Settings

* QOptions
*  Sizes
* Maodels

Multifamilv Building Solutions Network

Example of Solar Photovoltaic cut sheet from manufacturer
Photo Courfesy of Home Power Inc.

Where can you find a cut sheet?

They can be found on the manufacture’s website, or are often
also available through the supplier where the product was pur-
chased. When looking online, look for the Technical Docu-
ments, Literature. or Catalogs section of the manufacture or
supplier's website. Cut sheets are often only 1-2 pages long
and are typically in PDF format.

When should you review cut sheets?

It is strongly recommended that you obtain and review cut
sheets from the installing contractor prior to the products being
ordered and installed. As a Provider, it is your responsibility to
review these cut sheets to confirm that the products proposed
will deliver the energy savings projected in the energy audit
and energy model. Reviewing cut sheets prior o product or-
dering and installation will prevent incomect or otherwise under
-performing products from being installed.

Submitting your cut sheet

When submitting a cut sheet as part of an Inspection Reguest
for MPP, be sure that the submittal includes the following infor-
mation at a minimum:

1. Manufacturer

2. Model Number

1. Any specific features and/or options that were installed

4. Relevant energy rating information.

See Appendix A for a list of energy conservation measures
and the relevant energy rating information that NYSERDA ex-
pects find on the cut sheet

”~ 1

September 21, 2017
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Identify and specify options on your cut shest

5|mmmmnmmlmmmnnnummnpﬁurnMrmmmhmmmm
upahardmpyand.-.raru'ungrt[uuﬂg;m1bdw}.arhyﬂgaPDFﬂE-gM{mFngzbuw}B&mhpm-
wile enough detail as is necessany fof te reviewer 1o uhdenstand exactly which products were installed and te retated eneqgy
rating information for each_ If the cul sheet does nol provide all the relevant infomalion, additional documentation should ba
provided, such as a product catalesg, instalabon instructions, and'or other literalure from the manulssiiner.

TABLE 1: Sizes and R-Values for TUFF-R™ Commercial and Super TUFF-R™
Commercial Insulation

g, = s | R-Yalue
Mommiinal Board Thickness'" [in.) e s TR
. : 6.5
L @) sheets ot Lo BB 88
178 Tobf R pnshalled N/A 1.4
2.0 br a ! RB-1% 130 130

"' Mat all groduct siz=s are svailable in 2l regions.
TR means resistance to haat fiow. The higher the R-value, the greater the insulating power. R-values are expressed in
%= he*F/Brlw. R-value defermined by ASTM C518.

Hrrll!m‘ﬂldmﬁrﬂuMbmhmmMnﬁmﬂ!mﬂjum&h
staifed identified. Cuf sheet was prinfed, marked by hand, and then scanned.

Baoiler Ratings
Theh o wee. me . EmciencyRange gy ol
BMEK 750 20 Tal &53-720 BETE-98% 25.50%
BMK 1000 50 78% 76.80%

K 1500 75 1500 1305-1425 BT%-98% [
BMK2000 | 100 1 000 | TRUO0 | GT%-oo% P4.60%
BMK 2500 167 2500 2175-2360 B7%-98% 93.50%
BMEE 3000 200 3000 2610-ZEB0 ET®-78% 23.50%

BME 5000 &00 5000 4.350-4800 ET%-78% 7I.R0%
BMK 6000° 400 8000 5220-5670 BT%-98% 94.50%

*Ma ot put depercent upon spplicabion - see efficiency curves
**Bon aope o BMES000/E000 technical dath aheet Tor addeional BMES000/ 2000 datails

Figure 2: Exampie of energy rating information from a bodler cut sheat with the model of installed equipment
clearly identiffed. POF editing soffware was wsed fo circle the modei.

Multifamily Building Solutions Network Seplember 21, 2017
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"Enargy Rating” info
ECM Required Notes
Product instaled might be caulk, tape, foam, or sheel good.
Air Sealing Mone If & cul sheet is nol available, oblain the wser andior installa-
tion rranual for any product instabed.
Boiler, Replace mllpul CApac I"'m"ﬂ;":" If condensing bader is installed, confirm ouldoor reset con-
(Ceniral) ”HUE""“’F efficiency trod setlings and submit documentation of set-poins.

Buoiler, Repkace (In-Uinit)

Inpul capacity, efciency
ithenmal efficiency o
AFLIE)

Il ondensing bader is natalled, confinm ouldoor resel comn-
rod settings and submit documentation of Set-paints.

Burner, Replace

Input capacity, efficancy
ithermal eMiciency or
AFUE)

Central ACHP

Inpul capacity, efficiancy
(COP, SEER, or EER)

Chiller, Replace

Input capacity, efliciency
{COP, KWhon, EER and
LV}

Constant Aiflaw
Regulatons, instal

Airflow in CFM, static
pressune operaling rangs

Conbrals

Moane

mi’l‘ﬂmm&ﬂl‘ﬂ sulbmil documentation of sal-
points.

DHW Tank, Insukabe

R-yalue and'or thesmal
eanductivity

Dishrwasher, Install
Energy Star

KiVhiyr, gallonsicpcle,
Emargy Star labal

Distribation Systern.

Typically mciides replecing S1Eam IFaps of air venls; cul

Upgrade MNone sheal needs 1o ghow manufaciure and modal instabed.
Product instalied might be caulk, 1ape, foam, of Spry-on

Duset Sealing Mo sealant. T a cul ahessl is nol available, oblan e user and’
of installation manuwal for any product instaled.

Eenn - Hena Canfirm eonlrol selings and submil dacumentation of sel-

paints.

Elevator Molons and
Conbrals, Lipgrads

Malor siza, molor afficien-
ey, drive typa, eonbral type

Enengy Managermenl
Sysiem (EMS), Install

Miame

Canfirm control settings and submil docurnentation of sat-
paints.

Exhawst Fan Demand
Conbnal

Conirol type (CO, CO;, of
husridity)

Canfirm conbnl sattings and submil docurmaniation of set-
points.

Exhausl Fans, Replace

Mator size, molor efficien-
cy, fan efficiency, fan
CFM

Exterior Dooes, Replace

Rl

Multifamily Building Solutions Network
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"Energy Rating” info
ECM Reauirsd MNotes

Exierior Doon, Replace | R-value

Exierior Lighting, Power consumplion

Upsgrade (waths), lmenswatt

Fan/Air Handlers, Mator efciency, fan

Upgrade CFM

Fumace, Replace

Input capacily, steady
state efcency. and
AFUE

Gag-fired Dryeds,
Feplace Ebeclic

Energy Star label and
the Combined Enargy
Facior

cenl, Apartmerl, [rstal

(walts), Lmenswatt

Gesthermal coP
Heab/Energy Recovery | Capacily and Efficiancy
High Effciency Fluores- | P mplians Energy Star or Design Lights Conseetium's Qualified; if meither

gualification applies, then LW-7T0 and LM-80 test dats musl be
subrmitied.

High Eficiency Fluores-
cenl, Comman Afaa,

Power consumption
(watls), umenshwatl

Energy Star or Design Lights Consertiurn's Qualified:; il neilhes
gualification applies, fen LW-79 and LM-80 test data musi be

{walts)

Imstall sLberathad.
Imsukatian, Above Grade

Wals FRovalue

Insulaion, Below Grada

Walls R-waliue

Imsukation, Other Shel R-walue

Insulaion, Foal Dack of

Abiie F-alue

Imsukation, Slab R-walue

L ED Exit Signs Power consurmplion

Energy Star of Desigr Lights Consorurn's Qualified, i meitfher

Premium Efficiency

NEMA Prernium rating

LED Fixiures and Power consumplion

i {waitte), ki s :Jlﬂmuﬂnﬂq}plhﬁ.mm'?ﬁ and LM-80 test data st be
Law-Now Devicas GPM

Mabors. install NERMA Molor sire, eflcasncy,

MEMA Premium rating enly applies ts molors 1 HP o largper
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Appendix A . Energy Rating included in Cut Sheet

“Energy Rating™ info
ECM Required MNotes
Other Appliances, Install | KWh'yr, Eneqgy Star
Enesgy Star Labyed
Ouldsar Feset Conbrol, Mone Confiern autdear reset conbrol saliings and submil documantation
Install of sal-points.
DC or AC power oulpul
Pholovollass System {wattaipanel)
R-value andior thermal
Fiping, DHW, Insukate uctivity
i i R-value andior thermal
Piping. Heating, Insulate conductivity
Programmable Themna- | . Confiern control settings and submit documentation of set-points.

stals, Common Aras

Mobor size, GPM, molor

Pumps, Upgrade efficiency, NEMA Pra- NEMA Premium rating only applies to motors 1 HP o langer
rrurn rating

Refigerabors. install KWh'yvear, Enengy Slar

Energy Star labed
Input capacily, tank

Reglace DHW Healer wollme, steady stabe ,

{Central) efficiency andior Eneegy | = oray Star bl i applicable.
Factor
Ingul capacily, tank

Replace DHW Healar wolume, sleady slate

{In-Linit} Mici andior Energy Enengy Star label i applicabla.
Fachor

Tank size, R-value,

Replace DHW Indirect- therrnal aMiciency of

fired Heater heating ysbenm
SEmoke-Divan Louar,
Install b
Salar Energy Facior
Solar Hol Water and Solar Fraction
Capacily, SEER, Heal-
Spiit System ACHP ing Seasonal Parfor-
france Fades
Steamn Traps, Replace | None Cui shesi should show manufaciurer and model insialied.
Submeteding Mane Cuil ahesal should show manutaciurer and model instalad.

-~ 5
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Appendix A . Energy Rating included in Cut Sheet

“Energy Rating™ info

ECM Required Notes
Pﬂf:gf?:;'::uﬁmmr Mane Cut sheet should show manutaciurer and maodel installed.
Timers/Sensors, hstal | Mone Confirm contral sefiings and submil docurnentation of sel-points.
Variable Spead Drive Mane Confmmn conbrol B-Erlll"'gﬁ- and subemil docurnarlation of EEL'FI'E.'IITE.

Vantilation Central

Cont Mafe Confimm conbil satlings and subimil documentation of sal-poants.

Product installed might be caulk, tape, foam, of spray on sealanl
Werlical Shafts, Seal Mone Il & cul sheet is nol available, obitain the user andior inslalaion
mianiial Tar any prosuct installed.

Wamiting Maritacn, Madified Energy Faclor,
Install Enargy Siar B
oy Star kabel
Waler Source ACHP Capacity, COP, and
EER
Wind Turbine Capacity

Capacity, EER, Energy
Star kabet

U-valie, Solar Heat
Gain Coafficient, Air

Leakage, Energy Star
labed

Window AL, Insial

Windows, Replace

Windows, Wealhensinp Hone Product installed rmaghl be caulk, tape, of foam. Il a cul sheel is
or Alrseal ol anvailable, obtain the user andior installaon manual.
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